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m m m 

[oooi] frmnfc, 3fc-mm$m*s&Tfi£fomz.m-rz> 0 

[0002] f^,^J(OM^*D^Tl^ 0 . . 

[0003] (i)fcmt&^m*mmzi£z>z.bte%atbtixm, aeeas, -j—tjv^ ^r>-m 

[0004] (2)^m^m^xm m^%^^Y^;v^w^r^^j>m^{%MM^ 

[0005] (3)mmRxfmm%mi^x, ^tc^—n—^h. mm^mm^^xmt^ 
m^mmx^m^mmim^mm-r^m^htix v ^ (mnxm2) 0 

[0006] (4)^J3I^tt, ^fl^±^^i^#:* s #*bfc[^^SW{C^f^^-5^l^^)m# 

[0007] (5)^^^cD^-^MigA(s-igA) is, /<^T-yr, v-l^tehfcDffiuW-Ktt-rz 

5mfIotV^(##fFM4) 0 

: #1^2876006-^- 

: - 220054-^- 

##rF Xffiil : Brandtzaeg, P. Curr. Top. Microbiol. Immunol. 146:13 1989 
#m$X$k2:Czinn, S, J. et al., Vaccine 11:637 1993 
ttm^XfikZ-.Renegar, K. et al., J. Immunol. 146:1972 1991 

##§^^^4 : Brandtzaeg, P APMIS 103:1 1995; Kilian, M. et al Microbiol. Rev. 52: 
296 1988 
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[0008] ^mmny^hy^^myv^ ; 7^mm(%mm)^m^xmm^ti^, tix 

[0009] ^wmhte, mzmftitxm^msftm. ±mmmm^±im^^m^ 
^vs^^-TjyfxtLTmmteffiL^^mmmMs vtw^jv* onric bo 

239 (FERM BP-10064)*3j;T>^^^^^^ ONRIC b0240 (FERM BP-10065)£r$f 

fc^JLttlU ^O?Lttl»JC«S»IW*#fFfflRb^:(W«S2003-297570-*, PCT 
/JP2004/012136) o 

[ooio] &%>w%:w, m.Mw%<D%i^ ft\z.&mvtz.wmm\mmte, ^ti^mmm 
vx%hth^-mmim^, ^^(Dm^ticmMm^^-fx^h-r. %mi 
toon] *&wiz, Tmmi-23izmffi<D^wcD&w&m&i-z> 0 

[0012] mi. y-PW^J^ ONRIC b0239 (FERM BP-10064)*Dj;t>^^h/^^ ONRIC 
b0240 (FERM BP-\0065)t^t^m^hm^ri^pfj:<t^im(D%mM(Dm^ 

[0013] m2. mcmm&m*^ts'm\zm%t<D^-m&&n 0 

[ooi4] m %mm^.m^mmmm^m^-^9m^-r^mi^.tz^m2{cm 

[0015] m. igAmtkyimimz&m -tz^m^m-t zmi^.tz&m2^ 

[0016] 3i5. %mm^^-mm^n^^io A c[uymL^io 8 ciuXmh^'r^mi^tL 
i-im2^mm<D^-mmmn 0 
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[0017] m. %mm*^-%mm^^io 5 c[u/mL^io 7 c[u/mL^^%mtitc 

[0018] Jg7. ^h'^fvl"* ONR1C b0239 (FERM BP-10064)*3«kt> ! 7^h^-<^V'^ ONRIC 
b0240 (FERM BP-l(X)65)d»^SI¥*^5SWSixS^j:<^iao^ifeBfc«tt^» 

[0021] JglO. fL^^,^l^^-' : F^10 4 cfu/mL~10 8 cfu/ / mL^^--r63l7^|5^(7) 

mm* 

[0022] 3511. fL^®^.^^^^10 5 cfu/ / mL~10 7 cfu/'mL^^'i-Srg7(C|E^<D 

[0023] J112. ^-a^iM-C^h^/l^ ONRIC b0239 (FERM BP-10064)*3<tt>*7^h 
/^fvW*. ONRIC b0240 (FERM BP-10065)^^/^S¥^^jltR$ttS^^<<t'blffi 

[0024] Jgl3. «-$88#tm^?L&K-£*r*£\ 10 4 cfu/mL~10 8 cfuXmL^iiM-r 

[0025] 3514. &-&WJ*«ia s , ffi*:i£#3:£xwTfc«fcv\ m&tenyy^xmo. 10 

[0026] 3^15. %sttt&m*s HM^^/u^-Xh^\ Ks&J&D-fVyfX&O. 18 

~o. 3oro3KttttiiKT?fcDS.ots4i36s, 3o o c-4o o co?ait-ei5H#r^~2O0#r^^ 

^LT =?T^^5rl 1 2^fc«rg 1 3 ^tEg^H jfe 0 
[0027] 3516. «2|:E«^ - Hit^iil^-efco-C, TlB^Xm: 

(l)^Wi#±&"e^h^^/^ ONRIC b0239 (FERM BP-10064)*5 e fcO ? 7^l^^- 
ONRIC b0240 (FERM BP-10065)fahte&BfrhmU£tl&'J?te<ti>im(D¥l 
BIISSrtBHlL.-C^«»ttS:»axS, 
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[0028] 3117. (2)OXfefC*5^-C, «ffiif$£, aJ&ft&#-3§B*&m>&**<0:/!^ 
^£#0. 10~0. 50£&?>, J.o?L^ffi^ ; t*^10 4 cfu/ / mL~10 8 cfu/mL<t 

[0029] ^18. rg7tCl|5i4(7)^^^c7)M&-efcoT, JtV^tV* ONRIC b0239 (FERM 
BP-10064)*5j;t>'^^h^^^-/l-^. ONRIC b0240 (FERM BP-10065)/^k&5l¥/^(bil 

[0030] 3S19. ^tttU$^ *i»W^^3N-WiK*3l5O^yy^*35S0. 10~0. 50£& 
D,.Ji.o?L^0^W4^1O 4 cfu/mL~lO 8 cfu/mL^?)J;5f-?L^KifM'a'-r'5 

[0031] 3120. 

ONRIC b0239 (FERM BP-10064):feJ;U^K'"*5 1 vW*. ONRIC b0240 (FERM BP-10 

[0032] 3S21. IgAjg*^Jif^ffl**i-S«-»IW^^©»jai<0^:feW, ^h^^vl"* 
ONRIC b0239 (FERM BP-10064)*3j:t> ; 7^h^- ;$ 9 : -/^ ONRIC b0240 (FERM BP-10 

[0033] 3g22. ttfflt^aitt«f^ffl*^i-5^tt»<7>K3fiOfc4i)0, 5*h'<fvW* ONRIC 
b0239 (FERM BP-10064):fc3j;TJ^h^5vW*. ONRIC b0240 (FERM BP-10065);$> 

[0034] 3g23. i^m±%mftm&^z^$xn<Dmm(DtciibcD y y^w^^ onric 

b0239 (FERM BP-10064):fe c fcl/^K^fVl^ ONRIC b0240 (FERM BP-10065)d»b 

[0035] *iswo^-3SBffifcJ|6f*5«to { *fi>:5|6|-tt, t«e*K)fc3KK>5lc*^:§j^?a#$-er^it> 
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[0036] j^t\ ^mM(D^-mm^n^umm^mm-r^^mimm^^$m 
[0037] mmm 

#38 W - $8 gift J; tf«amKfUffl i"5 ?L@£® , & K#38 W 

tl^H, (Lactobacillus) ONRIC b0239 (FERM BP-10064)*5 X-TfyW 

(Lactobacillus) ONRIC b0240 (FERM BP-10065)£ift^£;ft-5(i^T\ 

[0038] (D^y— 

[0039] (l-2)^^y-n>^& 

[0040] (2)^V-^^^tltcWi^ 

(2-l)^K^fvl^ ONRIC b0239 

(a-l)MRS3g^tf itil 
(a-2)BL^^tf±til 
(b)BSI»«IW«H» 
[0041] (c)4fSS 
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3o~33 < c-r*^0{c|gw-r?)o 

[0042] (d)&.m*£&s4E4k&ffymk 



Glycerol 


— 


Erythritol 


— 


D-Arabinose 


— 


L-Arabinose 





Ribose 


± 


D-Xylose 


± 


L-Xylose 




Adonitol 


— 


/3-Methyl-D-Xyloside 


— 


Galactose 


+ 


D-Glucose 


+ 


D-Fructose 


+ 


D-Mannose 


+ 


L-Sorbose 


— 


Rhamnose 


— 


Dulcitol 


— 


Inositol 


— 


Mannitol 


— 


Sorbitol 


+ 


a -Methyl-D-Mannoside 


+ 


a-Methyl-D-Glucoside 


± 


N-Acetyl-Glucosamine 


+ 


Amygdalin 


+ 


Arbutin 


+ 


Esculin 


+ 


Salicin 


+ 


Cellobiose 


+ 


Maltose 


+ 


Lactose 


+ 


Melibiose 


+ 


Saccharose 


+ 


Trehalose 


+ 


Inulin 
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Melezitose — 

D-Raffinose + 

Amidon — 

Glycogen — 

Xylitol - 

j3 -Gentiobiose + 

D-Turanose — 

D-Lyxose — 

D-Tagatose ' — 

D-Fucose — 

L-Fucose — 

D-Arabitol ± 

L-Arabitol — 

Gluconate — 

2-Ke to-Gl ucona te — 

5-Keto-Gluconate — 

i/— (Bergey's Manual of Systematic Bacteriology)^^ bL-> ^l^ffi^r Lactobacillus p 
lantarum tdM-t"&agfefe^[Rl^b. Lactobacillus ONRIC b0239£ifofcU ¥J&15^8 
^601:, S*iMo<ffMl-l-l ^**6^tt9fSr*-r5»icfifg[ife 
A j£*ftfiftt^W3£BT WW^4fc*fe*^— (AIST)t*tfi##FERM P-1946 

^flFERM BP-10064T^feS o 
[0043] (2-2)^h/^/K* ONRIC b0240 

(a-l)MRSS^ttifi! 
(a-2)BL^^t§i& 

[0044] (c)£W»tf 
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[0045] (d)£3iW)s 



Glycerol 




Erythr i tol 




D~*Arabinose 




I "~ATahi nn<3p 




IV J. uuo c 


-f- 


T) — Yv 1 HQP 




I — Yv Ihqp 

X-» A./ IVOC 




Adon l to 1 




-Methvl -D-Xvl n«2i Hp 




Gal actn<;p 


4- 


D— G1 iirncp 


f 


TV— Pr*nr tn<:p 


_i_ 

i 


H — M^nnnco 

1/ IfldllllU JC 


i 


J-» OUl UUbt? 




i\ii<3imnjot? 




Hill r i tnl 


— L- 


Tno*? i 

lllwu X LUX 




Mann i "t*r*i1 


] 


Sorhi to! 


_i_ 

i 


rv — Mp^Kvl — ft— Lf a nnnc i 

kx mtrtnyx u Mdnnosiae 




rv — MptHvl — n — m iirnoi A a 
\Af mv? uujr x 1/ ulUL'UolUc 




N~Acetyl— Glucos amine 


4- 


Amvudal i n 


I 


Arbut in 


I 


Esculin 


4- 


Sal i cin 


4- 


CpI 1 oKi o<;p 


_j_ 
i 


Maltose 


+ 


Lactose 


+ 


Melibiose 


+ 


Saccharose 


+ 


Trehalose 




Inulin 




Melezitose 




D-Raff inose 


+ 


Ami don 




Glycogen 
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Xylitol - 

/3 -Gentiobiose + 

D-Turanose — 

D-Lyxose — 

D-Tagatose — 

D-Fucose — 

L-Fucose — 

D-Arabitol — 

L-Arabitol — 

Gluconate — 

2-Keto-Gluconate — 

5-Keto-Gluconate — 

i? — (Bergey's Manual of Systematic Bacteriology)(^.R?^U^ ^itffi^ Lactobacillus p 
]fl0laDUnfcJS"t'5®ttt|^feU, Lactobacillus ONRIC b0240<h%^U ¥fifel5*£8 

a mm&Mrte&mftffi WfF^^fe-fe^—OMs-njcflFtes-g-FERM p-1947 

-§-(iFERM BP-10065l?fe-5 o 

[oo46] oNRic^immim^h^mm^m^mumi^m^x^th^^-ir^igA 

frfcPJflfeW^V^ />/ c e<^ONRIC?L^cD#Ti^j:o-CIgA^^7 ! Lit^^$ 
;h,5fc#l£f;t/>V^/l4£^MilfflJ®^ ONRICfL 

[0047] 
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^$&m<D^-mm$Xm$, JtY'^iVTs ONRIC b0239 (FERM BP-10064)^oJ: 
TjytY^JVT, ONRIC b0240 (FERM BP-l0065)frbte&mfrbmiR£fa&pfj:<k 

mt-tz> 0 &m&fttisX<D^mmmz, ^^-r^mmxoNRic%mm^ 
m-tzztiz.Mfflmzn&o ^mm^mmmm^a^ mm^k(DONR\c%mm^ 

[0048] ^^^B*^*JVNT, xsmmmtte* m^mm(te^<te7ki£tctem) \zmm 

^<D^m^,m^mmm^v<n^tciim)xmmvxmhM^mmmx 
fco-obckc m&temm&mmm.^mtekic£mm<k^xmbnzffiM 

e><PJga<OjB(^^bTfUffl'rg>wj:^T^5ag(jKai> Tea Sinensis ) Ute. 0»Jx.tf, 0 

t&ae, fa5C3£, ^*^J^*i*tL*#SI<D»^ 

[0049] iw^^^^uTAflcwmw, ssm^a^ #,aa^ TR-fiu^, n&g^K, jia 

[0050] ^^•^T^iteirUT, ±IE#a©«JlfeJ;t//*yttt*0|&#«»Sr^tf**fe»4» 
0. 10~0. 50,#£L<ttO. 18-0. 30t*5J;5*«Sffl^e>iBtRt"Swi*ST?#S o 

[0051] r^y^^jtfi, -«;»-*ttioogfcfc?)opr»tt@ji0<fti[*(g)Sr*u, *M 
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[oo52] ^^mmtisX, ±&&m<D%m&£xfi/&t£ft*<Di®mh<Dmmm&m^z> 

l£^m%:(D7Vv?xm&0. 10-0. 50, #?SL<fcJ:0. 18~0. SOkteZtifflfab 

[oo53] wt. mfrsm'Tzmmkix, ±.&&m<Dxm&m&k+z>i&m=-*xfr&tt7k 

^^o. 10—0. 50, n £IX«0. 18~0. 30OttBB^3fcS#*>feig^$ixS o 
[0054] #3SejcD^3§g#$:{±, 09*.tf, ±fE^£^^5J£^cONRICfL^®£l0 4 ~l 
0\rfu/mL(#tfD£&3J:5K:g*«U 25~50 o C<DSItT\ 128#ffi~32B#fWtg* 

[0055] ONRIC?L«elS<D#ai (3&gf ) fit, ^*ffiySfc3ISStfB#ifct::&ftift*&» 

Ttt, #Rtftt^tfjK:f:i^i?>90~121 < C H 5~2O#ffiiiS , ^0&3&?To;fc3g 
gfffli&ift, mtfMRSttFttk 10%^g*&?Li#±lil^t*^, XttfgjR 

W«t5^br#^6^^-^—tt, i§#> ONRIC?LM£l0 4 ~~10 7 cfu/gi£il#3 

[0056] fcLT^^ftS^ffligifctCltt:, j^5l»i^SC-CONRIC?LfifteoA» 
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[0057] ^^-^-COfi^ct^lg^McDfiMtC^ltSONRIClL^cD^^^tt, 

R5H^ »*U<15^|HJ-20l^IWS«d^3BtftL5 o <KfK1» *LV\t#**M*fcUT 
f*, 33 0 C, 16H#W^fclf SC^*s-C#S 9 
[0058] ONRlC?LBft»wSF#(*B»©BR^fa, JEte&KfctSbT, ^^TftHfttfH:, f£ 

tiz>mz.&?ji'=*-x. wffis mm. %Ws ^xbv^ y/ut*h-/K 77^h-^ 
fLm^-y^tt, *sa-!J=fiWf, 5^^p-*, 77^h^-y^t, 

[0059] *»<UT^ttS^»#»tW:, ^S^JBW^-^g^fft^ft-rsrfc^-e*, * 
iB£fc»j«(#*L<tt**fcf;^ £7c. 
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[0060] *mm-m&$xn<pcooNRic%mm(D^mi*. &&mm&mm-tzm& 

mcDm^^^^^m^^.tm^^^comnA^m^^t^x^xoN 
Ric%mm(D^mm^m&\.xh^\ 
[oo6i] x&mmfrxmmm&Mzx*mw<D&-&mfowtirzm^ m#<o&&&\ 
mint, m%*m&vx'&btiz*mw&-mm&:mK mmm^io'du 

/mL~10 8 cfu/mU ^*b<{ilO s cfux / mL~10 7 cfu/mL-^^E.of^-^ 
^JN-^ft^oyy^^^O. 10~0. 50, #*L<ttO. 18~0. 30<Dffimt 

[0062] r^T% cfu(=in=-^^i.)«Ti5^fe^J;i5f+»^c^0^^n-5^W 

x(Dmm^,mm^m^t^mirm^tmivtc±mm^x^h(otir^ 0 
[0063] <%mmwcmm\> 

jg&mfc-r?>zk^£^x±.m±m%t&i\-mx*zz> 0 
[oo64] ^igpj^-isg^^q^ woNRic?L^®<z)ga-^»i, ±mffim* u ^ti^x, 
mm^n^m^mm.mm^^immcomm^b^cxm^^^t^x 

[oo65] ^m^-mmmmat, im^i^ct, ii^^n^i^-, ss^^-bt 
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[0066] *kl-c *%W(D&-ftMtfcn&'&z>-ktfx*%z> 0 *mw(D^-mm$xntt, 
Mm^\m^^^mmm^mvxmm&t^-t^x^^ 0 - (dm&il 

<D*m&&mfeimi£fcmsAm&jfcmm*mLx\,^ 0 
[oo67] ^^m-mmmn^m^mn, ^ti^m^L-r^±w<D^m, wm, 
<Dmmte£izfocxm&®:7£&ti, m^n:^ti^(DXi-ifj:i^\ ~ma^ m$k 

m)tmio 6 ^io i0 C futtj:^m^m^ti^(Dr^\^x. ^mm^-mmm 
[0068] ^mwn&tc, ^m^mmY^m^tzm%Am±yLmi^m^m-r^m-%m^ 

^(Dm^cotcibfD^ ^tys^fVT, ONRIC b0239 (FERM BP-10064):ioJ;O^h^ 
^vW* ONRIC b0240 (FERM BP-10065)^^^^^^il*R$n<5-'>^<<b'bl'ScD 

[0069] ^WkU 

^^S^te, y^h'^/l^ ONRIC b0239 (FERM BP-lOO^^XXIy^h^ O 
NRIC b0240 (FERM BP-lOO65)*^^^P^^il^tL^>^<<b>bl«(DfL^0 (O 

&mf&fttLx^i-z> 0 
[0070] ^j^^tb^oNRicfL^Md, mmL-tc^m^-%mm.n(Dmm^m 

[0071] ^Sr^Uci ^gi&iLTte, fu^LfcMRSigitfj, 10%M^?Lmt-fli^<h*W, ii 
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So 

[0072] *mj\^m*(Dmm\z.f\m£M¥[mm-±, ^ti^<Dm^xoNKic%mm^m 

ffiftifp, mm&. ^thb(Dm&$Lm®Mteb*x&vxh£\<\ 
[oo73] mmmmnwmk^xfmzfrzmMMtexu^mmKfe, ^mm-M^x^m 

5\ ^feiJ-yW-^ V, tf— K /K Xiry, df-*"<S\ >fcir^ 
*ti5« gkMM^te, in^i~£U>=i\ ^-t-f, :/K$\ ^ts, Jru^i?^ 

[0074] $m^tzte%km(DWWTVd, mm^tcnm^m^ m^.t£±^.mmm^±n^m 

— > ^3MJ— , 7 — K^a-fe^ih— % y^->v/i'— , W3P/f^ (Mycolloider 

™, &m&ikTM&mti¥*m^xtyVft,mb. m$ptz>^t\z.x^xnz>^t&x 
#s 0 m+tt, m^y^^-^u^ is^—v—^-y—^zmi'^xmm-tz^ 
ttfx%z> 0 ^tc±mm^^m^t^m^xum^^tic^xhm-\-^mm 

% mizmmte t* cd \z. x o x i ~ i ooig K»ag Lfct <z> as-g- ^ns 0 
[0075] ^fflj^*4#»K^^AWJr«fo6s:fLfi, *m.mm*ibmm-i-z> 

?mwm&m\>^xM3m : &mm'&, ^m^^^-r^^mm^tc^mitm, tk 

[0076] %mm*mmi,tcmmte, ^$>*?-*-&mMi^ ^^^m^mmm 
n^om\^mvxmm^^mm^^\ ^x*?-?-bL,xiL mz-isk 
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0 9 cf u/z^m&n&^/vx^ >5„ 
[0077] mi ^mMmmnvom^te, ■&m^fccxoNRic%mm<n&W£ 

^ <Dtz.fr (D%m®,m>mm.s m^^^-^ mm, mm. 7=^m»\ y 

coo78] mm&m^ -m^ 3§pm^2o~45 o cfi^ #£L<te25~37<cfi^ mm 

B#WlO~30l$M&&a»bjBtf*X'5. 
[0079] W^tt^COffe^O^fiSc^TfcS^tttli^lJloV HflfE*^ 

[0080] oNRicfLKSt^tttu^t^BB-a-sij-g-tt, ^xifi, m^u^xnhth^m 

W^&KfUK &£?L&®£lQ cfu/mL^lO^fu/mL, #£L<fil0 6 cfu/mL~l 
0 7 cfu/'mL-g-^J.o!^^^fcD^S^(D^y^^^o. i0~0. 50, £?£L<fi 

o. i8~o. 3ocD$^ist^<5J;5{-Ml:^:^i-sr^^^5^ > rtucipg^tuft^ 

o 

[0081] iKU, *»W©*#*ste*#£;L-i:tfs-c#a„ #38 9! I-® ^ 

[0082] ^sgw^tm^&siftfc^ ^.^w^-r^w^m. ^a, ^s^fi^ 

^*tbSONRIC?LKa»CliJft»LT, 1 PtMA^c«9?L^fc^io 6 ~lO ,0 cf 

[0083] *58Wtt*fc, tt«tft«B»f^ffl*fcttl8AK^>titf^ffl^i-'5*ttW©5!l 
T£(Dtc£>(D, y?Y/<=5->V^ ONRIC b0239 (FERM BP-10064):&£U^b/^l^ 
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ONR1C b0240 (FERM Bf^lW65)fr(bteZm*bm&&tlZ&fj:<ki>im<D%Wtm 

[oo84] xmrnizztuL te^*&<nmw£}£\z.m%>m* i *z--f, ffinytigAS^/citf^ 

[0086] [Ell]^^^^^/^ ONRIC b0240O&-§-^ '^^MK*fflJlSri»b<DIgAjg£K:&# 
m2]y?hs<^/l'X ONRIC b0240CDS: '5-^IgGS^[CS:(2'i-^^B^^4Ci-S^ 
\m?>Y7t>Y'^)V^ ONRIC b02405E®(2X10 9 cfute^)igSi21 H^CDthPi^'t' 

[0087] j^t, Ms?3£HK:B¥C<f#^ih3fc^ ^PJ^-^fim^t/^fimw 

[0088] #^i4>,%ti4#IBL/iv^ist)m*%^-fo 
HJffl^J l 

[0089] &-%jm^<P&iS;frflM 
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121 0 CT'15^W^-~^^-^KL7cMRSvWtgitil(DifcoM) lOmUC, -80 
°CT* Wfc&feXJtz.ytY'^fr^ ONRIC b0240 (FERM BP-10065)^^LTlOO 

mm-.m o 9 cfu/mD *mm\,tc 0 
[0090] mmm 

xmU^tcmm^mmiOO n L£jg«U 33°C^T160^f^lta^-r-5w<i:(cJ;D 
, *ittcO|tjtgifS (gj£fc : ^ 1 0 9 cf u/mL) ^MUfc 0 

[0091] 

121°C-C15#IW*t— h^l/-^®b7tMRS^«(DifcoM) ffj|ET?P 

(D^mmm mm ■. m io 9 C fu/mu ^iuc 

[0092] A®-i5fer^ 

f&£-80°CT4&#L/c o ^KbT#btLfc^^#@CO®^H, 1. 6X10 9 cfu/mL 

[0093] (2)^-|§itlWig 

^rc^yN^y-(^^±)3. 4g^^^7K2000g^ (C^iP^, 60°C(^P 

U Mi£^l£«K:2000mU£L;/c o r^M^&^cD^>;^;*J*teO. 32T- 
[0094] ^!£f£^L7c^h^?vi^ ONRIC b0240 (FERM BP-10065)1. 6 X 10 9 cfu/mL 

(7)200^ Lzmmmmm^^&mu m&mm<Dnmm\*i®vo%33 o cxi6mm 
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' 'cfu/ 'mLXh^>tc 0 

[0095] — r >-a>^(H#M^±)20giC, 93°CcO^^->7Rl000mL^P^, 6ft 
. 24Xfo^tz 0 

[0096] ^<Dr>-uiy^(m^m)iooomuz^xmm^tcm^mmmioooin^m 
[0097] nbtitc*mw<D^-mmmnn, m^tm^^m^^i-^h^xh^ 

[0098] ±feTi#^tL^*:|g0^^>^-^B#^^|-|4, ^izfe-rsK^j^^-Tcfcp^^^fc 

HJfeM 2 
[0099] x-&m&n<pw&*V:2. 

121°CX:-155>rRl^— h^U- :/^ffiL;fcMRSy£#:ig^(DifcoM) lOmL^, -80 
°CX:-^^#Lfc7^h^<^y^ ONRIC b0240 (FERN4 BP-10065)£$R!|LTlOO 

ml^p^, ^(Dh<v&33T;xi6mffl&mmmirz>-t\c£V), ^mw^mmmmmi 

mm : ^ 10 9 cf u/mL) ^liLfc c 
[0100] jtui£H 

i2ir:xisftm*-h?^-ymmLtcMRsmm%m(Difcom) iomu^ tuts 

xmMLtzmmmmmoo u L^iL, 33 0 C^ri6B#M^gi:-g*i-^r<b^ c ):f9 
x (KiSc : ffi 10 9 cfu/mL) £«Lfc 0 

C0101] 
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121°C-r?15^W^--h^U-^®LfcMRS^#:±f Jfi (Difcogl) 1LM, HufST^ 

(D&mmm mm m io 9 C fu/mu zmmi,tz 0 

[0102] M-tffci^ 

^*^lL^11000lslfe/^^T10^^^^PlfLT@^[Hll|XL, 12lX>X 

li#£[H]l&UCo m&mr*'<V?— ( = 20g£J&^>-*10o6gTi§*# 

ffl«c&»BI6«feLfc„ ^KLX^bnfe^^MM#:^^co®mtt, 3. 7xi0 9 c 
fu/gXfeofco 
[0103] (2)Jlt-3SWHRWro»ifi 

(H^ii^ ; } : ±)4g^-r^->'7K2000g' : t : '^^p^ v 60*CK:Anifi 

o 

[0104] W&^L^t^fY^/^ ONRIC b0240 (FERM BP-10065)3. 7X 10 9 cfu/gtf> 
25mg£l!S8Bi*3&fc c f 3 K&ItU f^0ft^&33r^6B^^LT, 
g*gtlL7c„ (®£^®3&5X10 4 cfu/mL) o 

[0105] ^KLT#^tL/c^#^1000mL^, t^^^C500mg^^P UfcgL #b*Wc?H 

[0106] (3)^-B^^4'COp B p«-l?ffi 
pH:4. 75 

it:4. IX 10 6 cfu/mL(?L^^(^p n p^&)?L^®^i!|lJ^^J:6) 
M:0. 038 (ft%%m\\J- 3000, 0 5i) 
fL^ft:14. 8mg/l00mL(if5i«^n-7h^77.-f\ 
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S*Sfe3"*:0. 6mg/100mL(i*iiiS(*:^P^h^77^, B*^3t) 
-&&&(D-7Vylr*m:0. 24(7*^/I^Hfl|ffitfDD-5(t*^ttr^fi!) 

3 

[0107] g&M&Mit^&J 

[0108] — A#^:Vtl5%^tP7K^1000mL^, ^h^A-:* ONRIC b02 

40 (FERM P-10065)^^#® (HJfe^il- {\)X*mUVfc.h<n) lmL&tSL, 
33 O C-C240#rflt§#^, ±£«£ia^ll«LT60°C, 10^WW±T^«Lfc^, 
^0^(K#:-^*:^]lO lo cfu/mL)^MLyc o 

[0109] Sfjia^— a^^(^ftW^) lOOOmU^ JLBy^W<^/^ ONRIC b0240<D 

t-7K-e^**4000mLtC%|Rb, #btLfc^^^M^^^ti^^Lr, 

[ono] fl»<LTW&h,fc**sBasamf*, nv^o^K^festt-efco^o ^opHtss. 
rnmm 4 

[0112] MMilM2 
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* ONR1C b0240 (FERK4 P-10065)(CftAT7^h^<^^ ONR1C b0239 (FERM P- 

10064) (mmmi-(i)tmm^LxmmLtmm^wmm^m^\ mm^x, * 
[oii3] mhtitc*mw<D^mM^ it^fe^^LTfcD, -*><jvyt£vfex\ m&<Dmw 

£>ofc 0 ^<DpHte5. 5XhV, &&&2. 6 x 10 7 cfu/mLT*fcofc„ 

mmrn 5 

[0115] ^z^|^L^M2t^M3 

MMW\2^$3\,^X, 7?W<^^7> ONR1C b0240 (FERM P-W065)W J Zx.X7?W< 
fvkx ONRIC b0239 (FERM P-10064)£#] I^T, ITOdLT, *:3SW3K-5SKtfc3|Sf 

[0116] nbntc^m^-mmmm-±, ^<om.^m, mm-tb^± 0 w p ho:5. 0 

[0117] ±uxnhtittmm^-&mm\\^ ^-r^umm^-r^^mm^is^ 
x.m^tzigAm^^mm^R^m^mmm^m-r^tm^htitco 
mmm 6 

[one] x-&timm<pwmi7te4. 

^?r>>?v_ £-/BV\ r^—u^^-ft^x^^ v ^ ^7f./^,i^ ONRIC b0240 (F 
ERM P-10065) fCft^T^h^A^ ONRIC b0239 (FERM P-10064)(^^ffi:# 

[0119] &ibtiiz*&W(Di&-mmtknte. K^(D^uwLtzi,<Dx^otz 0 -eco P H(i 

5. 8T-£><^ BWctel. 2Xl0 ? cfu/mLT'feofc 0 
[0120] ±faT^#btLfe^:|§BJ^^-|§^^tt, ^M1-<5^^JfC^-f i5*K*>C*5 

[0121] Mij 
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^j&CYasui, H., et al., Microbial Ecology in Health and Disease, 5, 155 (1992); lken 
aga, T., et al., Milk Science, 51, 27 (2002)] \Z.^oX^^;vWm^^^%t:m^ 
Tin vitroT'f^Lfc^ijTfc^ ^m^MM^tht^ 
[0122] (Ullii 

ifi^lHf'14-^^SPF/VAF BALB/c AnNCrj£f£ffl Lfc 0 
[0123] IRWi^^AWik, lil^m^L^ 0 ^^P^^fiMFlil^^^-Uai^/^ 

W±^)*5J;^7kil7k^i *m^^-frfc 0 

[0124] (2kife£kMM^M^ 

■JfcHU MEMj^ife^ — ^VHS/IEM (NISSUlttM), 2mM (GIBCOl±MX 1 

mM tVH^^-fhyr>^ (GIBCOttM), MEM^^T^t (GIBCO*±iSD]£^P 
L/c^etW^PT^K^Lfco ^^^^ffiV>T^-^^^^^|l^L, 5mL©MEM 

-tir^Co [H^^^2Hl^t9^L7 , -c^ > &Jl££lOmL<D5%FBS(GlBCOf±®0'^ 

[oi25] (3)mmm®i<Dmm 

^l^ffi^ibT, ^M^/W* ONRIC b0239 (FERM BP-10064)*} XXIy^b^ 
^ ONRIC b0240 (FERM BP-10065)£*IJfflUc o ^tL^*^CO±^ft^ii 
L^lfi^-r^^S-e**^, ^LT»£ll®Lfc(7000gX lO^ffi, 4°C) 
o PBS(-)lcT3IUi5fe8M£ % 0f*^5mL^^S^^7K(C^^-li:7 , c o M£#Bg 
i"5^i«)660nmtCT»aeSrJafeL, ^Ot, ir~ h^W— y^T100°CT30^^*P 
«0*O;SLfc o 660nmJd*3»j-5?SJS^l. 0^cb#B^2. 0 x 10VmL<bb/c o 

[0126] u)mm±m^coi e Am^(Dm\^ 

±IB(2)^Wi!iU^^^/^*IBia*5%FBS^^MEMi*ii!lKl«l»$*T, 2. 
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fch<D) %20n LSSAPU 37°C n 5%CO TT'7 B-M^Ufc. 

2 

[0127] ±fEHfls:20 /tz Lt£ft*.T % 50 g/mLOLPSGJaKalW y*7-<K)Sr20 /z L»P 

[oi28] &v v-e, &btittmmto±;m<DmgAmm*itim*yb&m\' ^elisasxkj^ 
[0129] (5)oNRjcmmm<pi S Am^m^ 

mllS (4) tw(jeo-caSJ&$^ONRIC?Ltta»J:*5lt5*&IgA*&, OT^LTfDM 
EMigM&KPBS (-) 10 u LSrHSflnLT (®#»JlP) Ir1«^LT7 P ffitg#LT# 
fci##^±ff OWIjllJtlt^ipd. 0)£LT, ^COt@^j-J:fc(Stimulation Index; S.I.) 

[0130] *fc, TflE«l~*4fctt,R^©#«ft|ftS/j;^|cov^tro^:RI--tttt©J|$ 

*srWia-*-5„ *fcHM±*tfl8 (lps 50 M g /mL) icmjzm^m^znM&ttM) 

bl,TWUirZ> 0 m*. Strain NoJ^$tl^*«J«#«MWI&#t45»tt, Ztl 

[0131] ATCC: T^y^V^-'fV'^yl^-t— ^Ufi/zls (American Type Culture Collection; 
Manassas, VA, U.S.A.) 

JCM: mik^mftffiftl&VoTfcmVk&lfim Oapan Collection of Microorganism, Th 
e Institute of Physical and Chemical Research, RIKEN) 

NRIC: MXmn*¥fem±mk&mn&ift&& (NODAI Culture Collection Ce 
nter, Tokyo University of Agriculture; Setagaya-ku, Tokyo, Japan) 

[0132] rju] 
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Strain 
No. 


Genus 


Species 


Subsp. 


IgA 

S.I. 






#tm (PBS) 






1 






PfHlttSS (LPS) 






13.1 


ONRIC 


b0239 


Lactobacillus 


piantarum 




5.61 


ONRJC 


b0240 


Lactobacillus 


plantarum 




6.31 


ATCC 


43121 


Lactobacillus 


acidophilus 




1.10 


JCM 


1059 


Lactobacillus 


b re vis 




1.20 


JCM 


1115 


Lactobacillus 


buchneri 




1.17 


JCM 


1134 


Lactobacillus 


case/' 


easel 


1.03 


JCM 


1096 


Lactobacillus 


curvatus 




1.63 


JCM 


1002 


Lactobacillus 


delbrueckii 


bulgaricus 


1.23 


JCM 


1012 


Lactobacillus 


delbrueckii 


delbrueckii 


1.41 


JCM 


1248 


Lactobacillus 


delbrueckii 


lactis 


1.31 


JCM 


1173 


Lactobacillus 


fermentum 




1.08 


JCM 


1131 


Lactobacillus 


gasseri 




1.15 


JCM 


1155 


Lactobacillus 


hilgardii 




1.11 


JCM 


2012 


Lactobacillus 


iohnsonii 




1.11 


JCM 


8572 


Lactobacillus 


kefirgranum 




1.08 


JCM 


5818 


Lactobacillus 


kefiri 




1.21 


JCM 


8130 


Lactobacillus 


para case/' 


paracasei 


1.11 


JCM 


1171 


Lactobacillus 


paracasei 


tolerans 


1.11 


JCM 


1149 


Lactobacillus 


plantarum 




1.66 


JCM 


1551 


Lactobacillus 


plantarum 




1.14 


JCM 


8341 


Lactobacillus 


plantarum 




1.18 


JCM 


1112 


Lactobacillus 


reuteri 




1.15 


ATCC 


7469 


Lactobacillus 


rhamnosus 




1.05 


JCM 


1157 


Lactobacillus 


sakei 


sakei 


1.52 


JCM 


1150 


Lactobacillus 


sallvarius 


salicinius 


1.06 


JCM 


1231 


Lactobacillus 


salivarius 


salivarius 


1.14 


JCM 


9504 


Lactobacillus 


suebicus 




1.28 


JCM 


5885 


Pediococcus 


acidilactici 


{pentosaceus) 


1.51 


JCM 


5890 


Pediococcus 


pentosaceus 




1.44 


JCM 


6124 


Leuconostoc 


mesenteroides 


mesenteroides 


1 


NRIC 


0103 


Enterococcus 


faecal is 




1.06 


NRIC 


0110 


Enterococcus 


faecalis 




1.08 


NRIC 


0134 


Lactobacillus 


b re vis 




1.07 


NRIC 


0137 


Lactobacillus 


b re vis 




1.13 


NRIC 


1713 


Lactobacillus 


brevis 




1.08 


NRIC 


1950 


Lactobacillus 


brevis 




1.12 


NRIC 


1964 


Lactobacillus 


brevis 




1.07 


NRIC 


1965 


Lactobacillus 


brevis 




1.07 
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Strain 
No. 


Genus 


Species 


Subsp. 


S.I. 


NR1C1042 


Lactobacillus 


easel 


casei 


1.00 


NRIC1597 


Lactobacillus 


easel 


easel 


0.96 


NRIC1917 


Lactobacillus 


case/' 


casei 


1.01 


NRIC1941 


Lactobacillus 


case/ 


casei 


1.02 


NR1C1962 


Lactobacillus 


case/' 


casei 


1.00 


NRIC1963 


Lactobacillus 


easel 


casei 


1.05 


NRIC 1968 


Lactobacillus 


case/' 


casei 


1.07 


NRIC 1975 


Lactobacillus 


curvatus 




1.02 


NRIC1976 


Lactobacillus 


curvatus 




1.14 


NRIC1977 


Lactobacillus 


curvatus 




1.04 


NR1C1978 


Lactobacillus 


curvatus 




1.11 


NRIC1979 


Lactobacillus 


curvatus 




0.99 


NRIC0191 


Lactobacillus 


delbrueckii 


bulgaricus 


1.07 


NRIC 1682 


Lactobacillus 


delbrueckii 


lactis 


1.12 


NRIC0129 


Lactobacillus 


fermentum 




1.00 


NRIC0131 


Lactobacillus 


fermentum 




1.19 


NRIC0132 


Lactobacillus 


fermentum 




1.03 


NRIC0135 


Lactobacillus 


fermentum 




1.02 


NRIC0139 


Lactobacillus 


fermentum 




1.14 


NRIC0141 


Lactobacillus 


fermentum 




1.08 


NRIC0142 


Lactobacillus 


fermentum 




0.94 


NRIC 01 43 


Lactobacillus 


fermentum 




1.04 


NRIC0144 


Lactobacillus 


fermentum 




0.97 


NRIC0145 


Lactobacillus 


fermentum 




1.09 


NRIC0146 


Lactobacillus 


fermentum 




1.05 


NRIC0147 


Lactobacillus 


fermentum 




1.05 


NRIC1949 


Lactobacillus 


fermentum 




1.09 


NRIC1952 


Lactobacillus 


fermentum 




1.06 


NRIC1955 


Lactobacillus 


fermentum 




1.12 


NRIC1966 


Lactobacillus 


hiigardii 




0.94 


NRIC1967 


Lactobacillus 


hilgardii 




1.06 


NRIC1936 


Lactobacillus 


paracasei 


paracasei 


0.96 


NRIC 1 937 


Lactobacillus 


paracasei 


paracasei 


0.94 


NRIC1942 


Lactobacillus 


paracasei 


paracasei 


0,93 


NRIC 1944 


Lactobacillus 


paracasei 


paracasei 


1.00 


NRIC 1945 


Lactobacillus 


paracasei 


paracasei 


0.98 


NRIC 1946 


Lactobacillus 


paracasei 


paracasei 


1.01 


NRIC 1934 


Lactobacillus 


paracasei 


tolerans 


1.09 


NRIC 1935 


Lactobacillus 


paracasei 


tolerans 


1.03 


NRIC 1938 


Lactobacillus 


paracasei 


tolerans 


1.03 
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[0134] [^3] 



Strain 








IgA 


No. 


Genus 


Species 


Subsp. 


S.L 


NRIC1939 


La c tobacillus 


oaracasei 


tolerans 


1.01 


NRIC 1940 


Lactobacillus 


oaracasei 


tolerans 


1.01 


NRIC1943 


Lactobacillus 


oa racas ei 


tolerans 


0.99 


NRIC 1947 


Lac tobacillus 


oaracasei 


toleran s 


0.98 


NRIC0391 


1 actnhacilli/s 


r\f*ntn<zi is 

IS d / LUOL/O 




1.00 


NRICOT02 


1 Si s^t/^hisi vc 

i-.£JO LUUdLf/II L/C) 


CCV /LCoCO 




1 04 


NRICmQ'* 


CZODaCIIIUS 


oenzosus 




1 1 0 
i . i y 


MRIPfnQ4 


zooact/ius 


penzosus 




lie 
1.19 


iNrtio i y i y 


L.BC LOD3CIUUS 


pian zarum 






MDir* 1 oon 

INruO 1 yZU 


LaCZODa CUIUS 


pianzarurn 




i no 

1 .UO 


Mpip 1 Q01 


Lactobacillus 


p/an zarum 




I.I** 


iNruo i yzz 


Lac zouac/uus 


p/an zarum 




1 ^7 


KIOTO 1 
[Nni\j i yzo 


uaczooac/z/us 


p/an zarum 




n ofi 

u.y o 


MDTP 1 QR7 

in t\\Kj i y o / 


Laczooa cuius 


p/anzarum 




1 f»1 

1 .U 1 


NRIC 1 05ft 


L.ac zouac/fius 


p/an La rum 




1 ^1 


NRIC 1715 

IN nlU 1/13 


L.3C lOuaCiflUS 


f cL/lCri 




n 05 


NRIC 1 074 

IN nlU 1 j/4 


/ 3/<M/l !5 1 III 1 o 


f CU LCr 1 




1 1 fi 


NRIC 1 OflO 

INrxlw 1 yOU 


I ^/""hslfry^S^lIfilC- 

t—aC LOOaCfttUS 


1 CULCf 1 




1 T1 
1 .O 1 


NRTC 1 500 
in rvivy t oy y 


O LUU3C//I US 


sake/ 




n 07 


NRIC 1 fiftO 




sake/ 




1 52 


nric ifim 


1 str^tnhiH/^ilti /c 

L<7(/ LDUcI C>///L/J 


sake/' 




1 07 


NRIC 1 R09 


1 £if*tTlht£t f*IHI t<Z 
£_ £f C l tslsa O // fL/O 


sake! 




1 .37 


nric 1 firn 


i_CJ o LUUd O/ffi-Jj 


sake/ 




1 .03 


NRIC 1*575 


1 /I/ /^/i/i/icM/* 

i_C7CCCr 1 CO CUl/ 


iactis 




0 85 


NRIC 1576 




lactis 




0.92 


NRIC 1 57ft 




la r+t 7c 

/cfO i/o 




1 00 


NRIC 1 5fif) 




lar^fls 
laLr L/j 




1 0^ 


NRIC 1 5ft9 
IN nJVj IJOl 


I— C U L,iJ f /Co i CO 


iacz/s 






NRIC 1 75f) 


/ a*/ /^/lo/icMr 

L_ C? I/O OY (Uo C CO 


lactis 




1 .03 


NRIC 1087 


Leuconostoc 


mesen teroides 


mesenteroides 


1.33 


NRIC 1507 


Leuconostoc 


mesenteroides 


mesen teroides 


1.02 


NRIC 1541 


Leuconostoc 


mesenteroides 


mesen teroides 


0.90 


NRIC0124 


Pediococcus 


acidtiactici 




0.93 


NRIC0122 


Pediococcus 


pentosaceus 




1.03 


NRIC0123 


Pediococcus 


pentosaceus 




0.96 


NRIC1913 


Pediococcus 


pentosaceus 




1.62 


NRIC1914 


Pediococcus 


pentosaceus 




1.05 


NRIC1915 


Pediococcus 


pentosaceus 




1.28 


NRIC0001 


Saccharomyces 


cere vis iae 




1.04 


NRIC0002 


Saccharomyces 


cerevisiae 




1.02 


NRIC0004 


Sa ccharomyces 


Cerevisiae 




1.12 
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Strain 








IgA 


No. 


Genus 


Species 


Subsp. 


S.I. 


NRIC0005 


Saccharomyces 


cerevisiae 




1.00 


NRIC0006 


Saccharomyces 


cerevisiae 




1.01 


NRIC0007 


Saccharomyces 


cerevisiae 




0.98 


NR1C0008 


Saccharomyces 


cerevisiae 




0.97 


NRIC0009 


Saccharomyces 


cerevisiae 




0.98 


NRIC0011 


Sa ccharomyces 


cerevisiae 




1.03 


NRIC0013 


Saccharomyces 


cerevisiae 




0.95 


NRIC0014 


Saccharomyces 


cerevisiae 




0.94 


NRIC 001 5 


Saccharomyces 


cerevisiae 




1.04 


NRIC0016 


Saccharomyces 


cerevisiae 




0.88 


NRIC0059 


Saccharomyces 


cerevisiae 




1.12 


NRIC 0060 


Sa ccharomyces 


cerevisiae 




1.11 


NRIC1412 


Saccharomyces 


cerevisiae 




1.00 


NRIC1414 


Saccharomyces 


cerevisiae 




1.03 


NRIC1415 


Saccharomyces 


cerevisiae 




0.85 


NRIC1417 


Saccharomyces 


cerevisiae 




0.97 


NRIC1461 


Sac charomyc es 


cerevisiae 




0.92 


NRIC 1465 


Sa ccharomyces 


cerevisiae 




1.00 


NRIC1466 


Saccharomyces 


cerevisiae 




1.07 


NRIC1624 


Sa ccharomyces 


cerevisiae 




0.91 


NRIC1478 


Saccharomyces 


cerevisiae 




0.91 


NRIC1482 


Saccharomyces 


cerevisiae 




0.94 


NRIC1483 


Saccharom yces 


cerevisiae 




1.24 


NRIC 1484 


Sa ccharom yces 


cerevisiae 




0.87 


NRIC 1485 


Saccharomyces 


cerevisiae 




0.95 


NRIC1486 


Saccharomyces 


cerevisiae 




1.04 


NRIC 1487 


Saccharomyces 


cerevisiae 




0.91 


NRIC 1488 


Saccharomyces 


cerevisiae 




0.91 


NRIC 1489 


Saccharomyces 


cerevisiae 




0.84 


NRIC 1490 


Saccharomyces 


cerevisiae 




0.88 


NRIC 1811 


Saccharomyces 


cerevisiae 




1.03 



[0136] m-MZ.fF&ClZtm, *tBS(PBS)<DIgA/g££l£Lfc:|§1^ ms'\k1$M<D¥-V>) 
S. I. ta, 13. l&^U lgAM££33Kif#LT^S.i<t7^iJo7c 0 J:ot*^Ili 

[0137] &m%mmi<z&zigAm±mm-m&fiz>t, s. i. ^v^^ onric b0239 

&5. 61, yPW^^X ONRIC b0240£S6. 3lT*fc<9, m^MW<D0. 8~1. 4lZ.it 
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[0138] IgAH^m^^^cDM^^^flAPlJJ:, ^MV^-^ C>cj3?n, t^TW^V 
[0139] f*flfe0i|2 

ONRIC b0240 (FERM BP-10065)^lgA^^^^fg^in 

vivo-C^LyttO-e$?!9, &oa«?Hj&£*Lfc„ 
. [0140] OlffiMffiil^lM^MJE 

[0141] M^Tt, #^»i!i<ftSr^*4foi<S#»(i5BE), onric bo 

24O(£0)&#f¥(l5E):fc\fct)^h^/i^ ONRIC b0240(5Eft) (15EE) 

[0142] [2lMBjg^B2^b^±ZkZ ONRIC h0240CDflH£l 

iP^fflro^h^f^ ONRIC b0240(^K)*5ctU : 7^h/^^/l-^ ONRIC bO 

24o(5Ess-)ti, ^^m^r^m^x^mm^ 

[0143] ^M.: 

ONRIC bO240&MRSmmzTfemmirem&UZ&, ii^(3500 
\B}&/ftX10ft, 4°C) (C-C*®Lfc 0 ^S^7K(ClT2ini3S^^ % 

[0144] JEM 

— ^ ^—(BRANSON 2510)T*45#P£jii^&&Ji&fTofc 0 
[0145] Omi^te 

±|E(2)^Mbfc5^h^^^/^ONRJCb0240(^®^o«ttJ«5E®)©^^^ 
, W®Mi&£07n ffl (525) , 14 0 TO (5EG) *fctt21 0 TO (5|E) Clot, 7^h^ 
ONRIC b0240(^ffi)S:#l$(5 + 5 + 5 = 152E)joit>7^h/^/^ ONRIC b 
0240 mm) & W- (5 + 5 + 5 = 1 5EE) (D^U^M?- , , & P S^- ( 1 0 9 CFU 
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7\m*hu 4°ct, 3oooiei^/5>, ioftmm>bftMi-x!hm&mmLti 0 tan, 

WU B8f4ffl^^-^$t?-'J^JiA^<'f^/l'4S*§)?)aiL, 5F^feJ# *fc(incomplete mediu 
m; lOmg W^>-^PRPMI1640t§J&)^»bfc24^rii/^-<^n^ > l/— h(d 

A*vOK?$Lfc„ pty^aSrfflO>T#— #WIia«»ttS:W«l^ 5mL<W^*&Jt!rC 

^<«feofc 0 mbfttz.mfi&nm&%Mmu 4°ct, ioooiute/^-eio^ra^^ 

[0146] a^o— /i^LTo£g^j&7k&^S¥(l5E)o^*te % ^N/^vu* o 

NRIC b0240(^tt*3J:U 5 JEM)Sr-^jLSri:/j:<ttWU R^-«lfe§B^J:07Bm(5 
EE), i4 0iai(5E6)*J«fcU { 2l BW(5|E)&K:, ifi?S*3j;r>v^^/^TO^^L 

[0147] IgA&fr.BftBft 

jWMUfe#/^^tS«Biia(etK)Sr, O. 5mL©^i<iK2mM L^;l/^5y, 
SO/zNOVlo^h^/— /K lOOU/mL-^^v^y^, 100 a g/mL^h^W^ 
>\ 10%FBS^PRPM11640J£;)&)f£»SfS3iJrC\ ttUM&&2 x l0 5 *BJj$/mL 

[0148] ^^3t/u*R#IBI&dSj£^i-5lgA*tt, 'V^/»'teifWfl&£*<aST§;J#§lU 

^vu* ONR1C b0240(5Effi)«rjSS*PL-CJ#4lb, m&.&ft£>lzAm&m'<ttWih(D 
<^^i£jfil^<D<t^^£*v5 0 gpt?, r©^l;7^h^f;^ ONRIC b0240(£ 

[0149] s^^/VUmmmmWt^X^tW^jV^ ONRIC b0240(5EiD fi % TI5^ 
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[0150] zM^kMm®Mm22h^±2k* ONRIC b0240(?F.#0 

SfrfE"CWHKLfcSPS-^-ffl©7^^^/^ ONRIC b0240(£®)<7)?i^Y$^ M 
(cy^/^77-t-i^l0'cfu/mL(660nmT'©ig0. 275)^S«t5^ 

(BRANSON 2510)TM5#IWj©*«#yaUfco 

[0151] ^<-r^^tRiiBjiajwss[%«srfijffli-s^fj5fett % ^^Mmmmimm^by^/i- 

X ONRIC b0240(^)10/xL£#?^/W£^DU £b^FCS£r^£&^RPMIl 
640*100 mL#?3VH£»JU 37°C, 5%CO Tt7 B ^^Vx;^KfiJS^i 
LfCo ^^V^/^lffljiS^J^^lK^iJfflL-^V^ffi-eti, _tfE7^h^?vKX ONRIC 
b0240(3«il)Oftt>tJfclO/iL©^ffl^^*#^a:/Wi:aS*nL.r, JWTIII#<^j$! 

[0152] (4)iBHfr 

Amm. <o®m ^m-r s^-c - 8o°c^i«^# 

[0154] (5) EMU 

jfS*S:Sl(lgA«^)*5J:t/02(lgGaik)»w^i- o 

[0155] muz, mm±m*<Di S Am&iv&/mL)&7F^wy i 77-e2 > z> 0 m*. 

y^h^^/U^ ONRIC b0240 (±K)S:-%--S¥(rb0240^ilji^^)(75^^ 
T*fcSo ^M"9#tt, 7#b'<^/l'X ONRIC b0240 (5E0)S#S¥ ( l"b0240?Eli J km 

3vu* onric b024o mm)^mm-r^t^<mmLtcm^^-r 0 &ftmwut, 

£&^$xmM<D'<^/U&mm<Dj%&% t iZ. 1 ??b'< t ?-/\'a ONRIC b0240 
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tzPiUU, r^t-^KStudent t-tesOfci&ttS^hP — Stfi 

[0156] REHc^3*L3JlS£a»e>, 2fe©rt*swe>*^*>5o 
[0157] (l)7 0^oi^ : 

KfrJWafcO*^^ ^Iv^A* ONRIC b0240(*Eg) £3!:&&7k&# 
o=^p— ^,fc0fc^rjgctj:il5lt3>^Ufe(P=O. 010) „ 
[0158] (2)14BHO»4-O4i^: 

kmWKDm^. s 79W<?-Jl'* ONRIC b0240(£E@)&#3¥ (»JMOH^9## 

048) 0 

[0159] £fc, ffiMJ^Srtfofcm^fis ONRIC b0240(£E®)£&-^L/cl¥ 

*5,fcU<7*h'<?vU;* ONRIC bO24O(^0)^^.bfcl¥cO^i a ^> =»>-hD-/U( 

±m&m7k®5-)^&LXftM\cmim^Ltc(^M*thp==0. 034*5«fcU«p = 0. 0 
02) o 

[0160] (3)21 PF^i-^: 

»JM<754§"£\ 7^h^?Vl^ ONRIC b0240(*E®)£&-^L/c;g¥fi, zi^hc— 
8*«fc9fc^;Sf;:i5tt&^:Ufc(P = 0. 047) 0 
[0161] £fc, ffiWJ^^tfofc^, ONRIC b0240(^ffi)^-^-l¥*5J:tI ? 7 

ONRIC b0240(?EB) =>-hP— /H¥«t«5t>V^-f tttW5SicSJ 
fI^Lfc(^n^tLp = 0. 015*3j;t> ! p = 0. 005), 
[0162] B|2tt, yfW^frTs ONRIC b0240(5E»)c^21 0 W^^^IgG^^^^i"^ 

[0163] "7^\-y<=f-jV^ ONRIC b0240 (5E|H) Gr>&-§-te % 3 V Ma 

0064) o £fc7^h^^vu;* ONRIC b0240(£^)O$:J5.^ ai'Ma— 

[0164] ^_t(D*S^«t«9 % ^h^fvU:* ONRIC b0240te > '^f^/M£(d#?£1-<5:&^}S^ 
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„ Sfc, 7?W^^* ONRIC b0240<7>&#te N IgAtO^b-rjfcfU^WIgGfcifiSfc 
[0165] m^D^^b, ONRIC&gfeHWjg&W:, M^cD^^bT^^^®^ 

[0166] g*lfefll|3 

[oi67] ^m^hn, oNR\c%mM(DigA£ifri,tzm&ffim®&&wbMz.-tz>ti#), 

ffl^T, y^W^J^ ONRIC b0240£^JJ3LTf§^Lfc3ggN^8TO-<fc£^ 

[0168] (MM 

0 ^-y^^— tts^1±J;9A?HrLfcifi2K*«ttSPF/VA/VAF -^*(^ 

^ :BALB/c AnNCrj)(55M)£4 0 ffl, «TO^ttt'Mi< ttS^cfc-Sf^tt ( 
^©7kS¥, 4^?Li¥*3«t^^h/^^^ ONRIC b0240-^^^fLS¥)^fofc 0 

*/&jJc«fc : 7KiS*/#&7KiKfc«t5 g SIS Si 
^^:t£it:23±2 0 C, Sit : 60± 10% 
R8WNPW:W»I 7:00—19:00, Bfffl 19:00-7:00 

^©7k, (2)^¥L£/c«:(3)^h^5vLo* ONRIC b0240-a^g#?L)£, 2i!Ifflffi 
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[0169] WLmmtl.X<D^%n, LL4=?L (XMB*% : h<(0'j^-X^M) »©tK-C7 
5%fC#^b-CflJfflLfc 0 W^^t\,X<Dy^Y^^ ONRIC b0240^^^^?L« 

/kx ONRIC b0240 LT, ^fLlUCfl^ — ^— (4Eig$U0 8 cfu) £ 

APxl, SS^-ClSl^rfl^^-yr/ctOTfo^o R^h'^/l-* ONRIC b0240^$g 
myo<DMfo^-BLte5X 10 7 cfu/mL^fc§ o ^n£l£@7KT75%tC#$?LTf^K: 

C0170] ^^)tt^7K^^J;^ g Sffi^tL, ffi^fttt«^mj^coTO^)^fift^/>ftct 

[0171] mmm^mmm^, ^m^^^^y-^mm^r^^Kx^mmm, ^<d- 

Jy<DAm^lFVm50 ML^g#gI(lO, 1 0 2 ^7t{i 1 0 3 pf u/ 50 m L PBS/I^ 

o 

[0172] <£fflIFVtfci:LTfi, ^«$!|^^tt:1»^W^mt^^tUTV^lFV: A/P 
R/8/34/HlNlttt*ffiV^fiE<*S:0. l%BSA*3«fctn0mM HEPESSr^^-r* 

v Lfc/«CS«t5»!l«r^U If^ro^JfltM/W^SrWKUfc. fc*5, PBS( + )fctPBS 
(-)!0*(3-v ; >'/W^ ; f±M)9. 55g, CaCl (&7J0100. 00mg*5«fctfMgCl ( 

2 2 

[0173] C31MJI 

#f^**<^EfcB3&£, IFVig#«JR^,feBW(8:30— 9:00)fcJ;Ut^^r(l 
7:30—18:00)^-0, flfefgUt 0 
[0174] ^rCD^m, ^©TK^^^^fc^^hD-^^iWfL^^^^^Tt^lfW 
, ^fi^/^a^lOpfu/EEiLfc^-a-, im7H I^I^J^^tUce 

fc 0 CtU^LT, ^h^/Vo* ONRIC b0240^*fg^?L£^£i±-fcl¥ Xlt, 
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[0175] tim&'tJl'Xm&lQpfu/mbUz.igk^ £X<Dmz&^X14R @T'70% 

&.±.&&.?fL>X&'9^ ONRIC b0240^W38S*?L£ , &El£-ti:;fcS¥-m 

, 86. 7%aS£#LT:fc*K = Vhn— ;ui¥<D-?rtt(80%) {d^fLT, 

[0176] #»^^^<Oft:fiSr«[|fe4fc«SiM*6*^flRlfe B *T*tt2 0 

fe$K8:30~9:00h ®^A#£ffl^TiIiJ^Lfc 0 ft:Jb\ i|iJ3£tt#»iJ^ 0 fe^T 

[0177] %<r>m%:. ±x<Dmic^ ^2H@ frhm^<DW.mm'ptfm&hthtc 0 

[0178] (4)^m 

[0179] ^^I«^ffl*5j:t/IgA^^{Sii^ffl^i--5ONRICfL^0^tf 
[0180] iiij 

[0181] nmmmK 

yVY'^iV^ ONRIC b0240^®£*#^l€tLTffl^7t o 
[0182] (2)^Kfft#) 

0 2|s:j.^3:/P^>- t*^tt«fc9A^Lfc«tttBALB/c/Cr Sic (SPF) (5SH8fr 

tg/tefiSSfc:©^** CRF-1 (^y^^/^#XH1*^a)/g 

: 1 23~ 1 24T:, lOO^Hfl S5I»M$<® mttW£/&im.\t- £5 g 

SR£ : M : 23 ± 2°C , MS : 5 5 ± 1 5% , &kf5. : 1 5\H}/mm 
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MWMfffl : mM8 : 00-20 : 00, flf $]20 : 00-8 : 00, 

[oi83] (3)iy^;i<xcQmm 

mm^mmz.w^m,m^^x-h^^y;v^>^^;^Am (ifva : prs 

m&jwmmmmmi&$> (10%FBS-&^r>r— ^MEM(Gibco))T»MDCK#WliaW 
*W#WflS;RCB0995tS|c)tavl. O.I. (Multiplicity of infection) = 0. 01 37<C 

-80°C^M^^i*fcT^^ffi^^T^#bfc o ^-f/U^co-gPf*, 10^^ 
»*f?feteTiNBJtegtt&m&lfeiBU P-f/i-^flRlfe^fa (TCID )SrfflSLfc. 

50 

[0184] (4)Um>Jife 
(4-D&HW 

^^S¥O4S¥(D^^r>-f , ^^itf±l0 7 - 5 TCID /mLtlfco ^-T/i-^^^^ 

50 

[0185] (4-2)^#)W(D^ 

tfeS'tftifcOilfrTI^ lilMiHifflW*fTofc6ilj»<Z>BALB/cJ«^^tC, ®^ 

v^^Cftlikgfofc^W^fef^^i^, 500, 100^/ctt 

o 

[0186] (4-3)irVAtP=BMt 

?*t£, »J^#-^-Ji|M^i>j^#:S20g^fc«9, fiK^ya^(50mg/mL;£* 
»^£*±)20<fg%^&0. 2"mLt'KP^')K*-/V'ffiN , »(2. 5rag/mL;£*tt^ 

±fS(3)-C'flMLy L c:IFVA»^'>^^^Al$^50 J uLS#^(c:^SL^ o <C*3 
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[oi87] (4-4)*k&m<Dm& 

[0188] (5) 



[0189] (6)M% 
[0190] [^5] 



[0191] 





=7>7 h/wux ONRIC 
b024O 5EHOfflS 
(mg/kg body weight) 






(0) 


I F VA 


500 


10 


8/10 (80.0%) 


13.1 


100 


10 


3/10 (30.0%) 


9.2 


20 


10 


0/10 (0.0%) 


8.5 




10 


0/10 (0.0%) 


8.5 


I F V A 


500 


10 


10/10 
(100.0%) 


14.0 




10 


10/10 
(100.0%) 


14.0 



¥#l£#Bf&«:, 500mg/kg$§:-^S¥80. 0%, 13. IB, 100mg/kgi£^f¥30. 
0%, 9. 2B&£t)*20rng/kgJ£-$-i¥0%, 8. 5B"C;foo7i: 0 ^ 4 JV^mWik^W^ 

nm^&^Mmte£xfm&MmmTm<D£ftmic$o\,^x, soomg/kgs:-^ 

teftMm^VX^m^M\S.*^tMM'tl, p = 0. 0002*5<tt/p = 0. 000 
#**5it/2p%#B^:(C^Lrfi, I vf 4x^100%, 14. OBT'fcofc, 
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[0192] &mW5 

[oi93] #R#tefi)iA2fctt20££u ^v—^^cDmm^ms-igAM^mmi^ * 

n&M(ttMffi , ytW^^X ONRIC b02405Effi(2X10 9 CFUtBa/B)«5l 

[0194] Wfc#||HJ»f , «U 7K£fcte7^h^^Vl^ ONRIC b02405Effi-^^-7k («#C2X 10 9 C 
FU*B 3 : 200ml/ 13 ) £«J&£-frfc 0 «^TOi&mJf£{C, Tf£0^^-7?«^ 

[0195] #^#B<^2M£&©7Mcrtfequ 5#&, i^y^s/h^fflv^TPS^i^ra 

°CT?^-(^#Lfc 0 W PcD'9^^i^>'7V^2500rpm^T10^rfl^'^5>Si^ ; ft 

##Lfc„ ^m^vy^yWLtfk-V?^ (SIGMA, St. Louis, MO)lg 

/50mlSr£Tt^ O. 05%7Ky^-^>^l/>-y^t-^>^yr>l/— h-g"^-pBS(Twee 
n20*I^D R D, -f*?^*?, MtP))T'2000^|RL/ci^7 0 ^fflV^c o IgA^ 
*ttELISA«fe(— JfcStfri^-b-^tMgACDAKO, Denmark), -&*nf£:HRPH 
S®5^^rfettMgA(DAKO)., *f TOft^^th^^IgACCappel, Aurora, OH)) 

[0196] ^ffllBJ«t«©i!lS9t't'3(«S-IgA*©l«J!lP*Sr, »^SC«I&21 0 g fJlj3»t<5# 
^^^S-IgAS^^^^M^^O^^i^IgAS^^IV^c^LT^mU 

X^ZY/^iVT, ONRIC b0240^ffi(2xl0 9 cfutS^)ffi^f¥(52. 21±24. 41 
Mg)ti, tMR#S*(-21. 81±28. 33^ig)tc:jt'<"Ci«jv^Sr^U-togEttKl5fl+ 
^itt{Ck^S&t>OT*fcofc(p = 0. 0001) o 
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[I] JtW^f-fVTs ONRIC b0239 (FERM BP-10064)*3«tU«^^h/^^^ ONRIC b0240 

(ferm BP-ioo65)t>^j:^m^mu^ti^<p^<thimmimm(D^mm^ 

[2] mz^mmm^t?m>kmnzmm<D^-mmmm-o 

[3] ^^m^i¥m^mnT^mM^-r^m^miKum<D^-m 

[5] ?LI&03r, ^-!§S#» c F{-10 4 cfu/mL~10 8 cfu/mL-grWi--5W*3ll{CfB 

[6] ?LS£®£, ^-Ig^^fcp^lO'cfu/mL-lO'cfu/mL^Wi-^ff^JSKCfa 

[7] ONRIC b0239 (FERM BP-10064);}oJ;U^h^^vU";^ ONRIC b0240 

(FERM BP-10065)^^^Si¥^ i b3S^n6 / >^<<ttlffiO?L^M*3ctt>^tttt5 

o 

[10] ?L^ffi£, ^^ l ^(-10 4 cfu/'mL~10 8 cfu/ / mL^^--rSft^7^|Stt(Z)^ 
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IMMUNOTHERAPY OR TREATING BACTERIAL OR VIRAL INFECTION AT MUCOSAL 
SURFACES WITH PROBIOTICS, AND COMPOSITIONS THEREFOR 

TECHNICAL FIELD 

The present invention relates to compositions and methods suitable for 
therapeutic or prophylactic treatment of diseases associated with mucosal 
5 surfaces and in particular to treatment of infectious disorders at mucosal site by 
way of enhancing non-specific mucosal immunity. 

BACKGROUND ART 
The last 30 years has witnessed an explosive increase in understanding 
of the mechanisms of mucosal protection, beginning with the recognition that 

10 mucosal immunity was partitioned from systemic immunity (with IgA as a 

marker), that it was driven from the gut-associated lymphoid tissue (specifically 
Peyer's patches), that it involved both T and B lymphocytes and that a specific 
recirculation of gut-derived lymphocytes between the mucosal surfaces ensured 
participation of all mucosal surfaces in responses generated by delivery of 

15 antigen to the Peyer's patch. Early studies focused on IgA, but gradually the 
key role played by T lymphocytes and the cytokines they secrete, have 
dominated thinking. The concept of "cytokine profiles" became important as it 
was shown that T cells could be characterised by the particular pattern of 
cytokines secreted, leading to the concept of Th1 and Th2 CD4+ve T cells. Thl 

20 cells secreted IFN-y while Th2 cells were characterised by IL-4 secretion. This 
"pattern" determined outcome and now many infection outcomes are known to 
be influenced by the pattern of cytokines secreted. 

The above focuses on specific immunity initiated by particular antigens. 
The non-specific immune response "sits" on, and operates through, an array of 

25 cells and molecules which are powerful effector mechanisms operating without 
the specificity gained through antigen receptors. 

The value in health promotion of a range of gut microbes (probiotics) 
taken in a variety of food or formulation forms has been recognised for some 
time. Claims to the value of these probiotics are mainly non-specific and without 

30 scientific support, and are largely based on clinical impression. The probiotics 
are thought to promote health via reconstitution of what is presumed to be 
beneficial normal flora. Use of probiotics for treatment of certain specific 
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intestinal conditions has been reported. However, the frequently exaggerated 
claims serve to reduce credibility rather than consolidate therapeutic benefits. 

Changing patterns of proneness to mucosal disease (eg. allergy, 
infection) are increasingly being linked to microbe/gut mucosal "experience", in 
5 areas which include changing incidence of allergy and asthma linked to 
environment "sterility" and altered gut bacterial flora, and reduced mucosal 
infection and allergy in infants given avirulent E. coli. 

There is therefore a need for improved preparations and methods for 
prophylaxis or therapy of mucosal disorders such as infections, allergy and the 
10 like. There is also a need for preparations and methods which can be used for 
prevention of reactivation of, or reinfection with, viruses and for the treatment of 
conditions and syndromes associated with viral infection or reinfection. 

It is an object of the present invention to overcome or ameliorate at least 
some of the disadvantages of the prior art, or to provide a useful alternative. 
15 SUMMARY OF THE INVENTION 

The present invention is in part based on the observation that certain 
microorganisms, in particular lactobacilli, can prime the mucosal surfaces by 
inducing a particular cytokine "pattern", thus creating conditions unfavourable to 
microbial colonisation, and/or microbial pathogenesis, and in part on the novel 
20 demonstration of non-antigen activated cells migrating within the common 
mucosal system. 

The microorganisms useful in the practice of the present invention may or 
may not have traditional probiotic effects, but they will be able to alter the cytokine 
pattern or balance, or induce a Th1-type cellular response. For convenience the 
25 useful microorganisms or their components may also be referred to herein as 
probiotics, whether or not they in fact have a probiotic effect. It is intended that 
this term ("probiotic") includes in its scope other adjuvant agents capable of 
inducing a Th1-type cellular response. 

According to a first aspect there is provided a method of prophylactic or 
30 therapeutic treatment of chronic or acute infection, or of undesirable microbial 
• colonisation, of a mucosal surface, other than intestinal mucosal surface, 
comprising the administration of an effective amount of a probiotic, or a 
probiotic-containing composition, to a subject in need thereof. 
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In this embodiment of the invention the mucosal . surface is preferably 
selected from the group consisting of oral, nasopharyngeal, respiratory, gastric, 
reproductive and glandular. The infection or colonisation can be acute or 
chronic and may be bacterial, fungal or viral. It will be understood that chronic 
.-r 5 viral infection will include certain syndromes which may have origins in viral 
infection, such as for example chronic fatigue syndrome and the like. 

According to a second aspect there is provided a method of prophylactic or 
therapeutic treatment of a chronic or acute disorder of mucosal surface of the 
respiratory tract, comprising the administration of an effective amount of a 
10 probiotic, or a probiotic-containing composition, to a subject in need thereof. 

Preferably the respiratory tract mucosal surface is the upper respiratory 
tract mucosal surface and even more preferably it is oral or lung mucosa. 

Preferably the probiotic, or a probiotic-containing composition, is 
administered to the gastric or to the intestinal mucosal surface. 
15 According to a third aspect there is provided a method of prophylactic or 

therapeutic treatment of a chronic or acute disorder of a mucosal surface 
caused by disturbance in cytokine balance or lack of an appropriate T cell 
immune response, comprising the administration of an effective amount of a 
probiotic, or a probiotic-containing composition, to a subject in need thereof. 
20 Preferably the mucosal surface is selected from the group consisting of 

oral, nasopharyngeal, respiratory, gastric, intestinal, reproductive and glandular. 

A useful marker for assessment of cytokine balance is one or more of 
interferon-y (IFN-y), interleukin-4 (IL-4) and interleukin-12 (IL-12). However, 
other cytokines known as markers for either Th1 or Th2 cellular responses are 
25 also useful for this purpose. 

It is preferred that the probiotic is a bacterium, for example one which can 
be selected from, but not limited to, lactic acid bacteria, Mycobacterium species 
or Bifidobacterium species. Even more preferred is the use of Lactobacillus 
acidophilus (L acidophilus), Lactobacillus fermentum (L. fermentum) or 
30 Mycobacterium vaccae (M. vaccae), or parts thereof which are capable of 
inducing the Th1 cellular response. Specially preferred is L. acidophilus. L. 
acidophilus, L. fermentum or M. vaccae may be used live or as an inactivated 
preparation, as long as they are capable of inducing the Th1 response. For 
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preference L acidophilus and L fermentum is used as a live preparation. It is 
considered that other bacteria would also be suitable as probiotics as herein 
defined (whether they have probiotic effect or not), for example the well known 
adjuvating bacteria such as for example Lcasei, L plantarum, L rhamnosus, 

5 Bifidobacterium breve and the like. 

The required dosage amount will vary according to the nature of the 
mucosal surface disorder, whether used prophylactically or therapeutically and 
the type of organism or neoplasm involved. The treatment parameters as well 
as the required dosage can be easily assessed by those skilled in the art. The 

10 preferred dosage of the probiotic, when the probiotic is a whole live probiotic 
bacterium, is from about 1 x 10 8 to about 1 x 10 12 organisms. 

The probiotic may be administered in conjunction with one or more 
antibiotics or one or more other pharmaceutically active agents. The probiotic 
may be administered prior to, simultaneously with or subsequent to antibiotic 

15 therapy or therapy with other active agents. 

Preferably, the mucosal surface disorder is a bacterial infection such as for 
example infection by Pseudomonas species, Streptococcus species, 
Staphylococcus species, Candida species, Helicobacter species or 
Haemophilus species. Even more preferred are non-typable Haemophilus 

20 influenzae, Pseudomonas aeruginosa, Streptococcus pneumoniae, 

Staphylococcus albus, Staphylococcus aureus, Candida albicans and/or 
Helicobacter pylori. The mucosal disorder may also be inappropriate 
colonisation by bacteria or other microorganisms. For example the mucosal 
disorder may involve chronic or acute colonisation or infection by viruses such 

25 as Epstein-Barr virus (EBV), cytomegalovirus (CMV), Herpes viruses and the 
like. It would be clear to those skilled in the are that the treatment of infections 
and/or colonisation by other viruses can also be achieved with the methods and 
compositions of the present invention. 

Preferably, the subject in need of treatment is selected from the group 

30 consisting of individuals having high risk of infection. However, it will be 

recognised that the present treatments are suitably employed in prophylaxis of 
mucosal disorders in any subject. For example, the treatment methods of the 
present invention may be suitably administered to subjects exposed to a variety 
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of stressors which have an impact on the subjects immune status and thus 
predisposes them to infection. For example fatigue and/or physical stressors 
such as commonly encountered by athletes, predisposes these subjects to 
respiratory tract infections. This seems to be caused by impairment in the 

5 immune status of mucosal surfaces, in particular the secretion of igA. 

Administration of the probiotic preparations, such as those described 
herein, prior to, during and/or after exercise or training may restore their immune 
status, particularly that of the mucosal surfaces of the respiratory tract, thus 
combating or preventing infection. 

10 Preferably, the probiotic or probiotic-containing composition is in tablet or 

capsule form. However, it will be clear to those skilled in the art that the 
probiotic composition may be in a liquid or other forms of solid preparations and 
may also be present in a food source such as a yoghurt or other dairy product, 
or similar non-dairy products based for example on soy.. 

15 The treatment may involve administration of a probiotic, or of a probiotic- 

containing composition, to a site which is distal to the mucosal surface having 
the disorder. For example the probiotic, or the probiotic-containing composition, 
can be administered to the intestinal mucosal surface in the treatment of 
nasopharyngeal, gastric or upper respiratory tract mucosal infection. 

20 According to a fourth aspect there is provided a method of altering 

cytokine balance at a mucosal surface in a subject comprising the 
administration of an effective amount of a probiotic, or of a probiotic-containing 
composition, to a subject in need thereof. 

According to a fifth aspect there is provided a method of inducing a Th1 

25 cellular immune response at a mucosal surface in a subject comprising the 
administration of an effective amount of a probiotic, or of a probiotic-containing 
composition, to a subject in need thereof. 

According to a sixth aspect there is provided a method of enhancing the 
secretion of interferon-? at a mucosal surface in a subject comprising the 

30 administration of an effective amount of a probiotic, or of a probiotic-containing 
composition, to a subject in need thereof. 

According to a seventh aspect there is provided a method of reducing the 
secretion of interleukin-4 at a mucosal surface in a subject comprising the 
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administration of an effective amount of a probiotic, or of a probiotic-containing 
composition, to a subject in need thereof. 

According to an eighth aspect there is provided a method of restoring 
normal cytokine balance at a mucosal surface in a subject comprising the 
5 administration of an effective amount of a probiotic, or of a probiotic-containing 
composition, to a subject in need thereof. 

According to a ninth aspect there is provided a method of priming 
mucosal surface for immunotherapy comprising the administration of an 
effective amount of a probiotic, or of a probiotic-containing composition, to a 
10 subject in need thereof. 

Preferably the immunotherapy consists in administration of a therapeutic or 
prophylactic vaccine. Also preferred is a procedure whereby the probiotic, or 
the probiotic-containing composition, is administered before or simultaneously 
with the vaccine. The administration of the probiotic, or of the probiotic- 
15 containing composition, may be continued for a period after the vaccine has 
been administered. 

According to a tenth aspect there is provided a pharmaceutical 
composition suitable for prophylactic or therapeutic treatment of chronic or acute 
disorder of a mucosal surface comprising an effective amount of a probiotic, or 
20 of a probiotic-containing composition. 

It is preferred that the probiotic is a bacterium, for example one which can 
be selected from, but not limited to, lactic acid bacteria, Mycobacterium species 
or Bifidobacterium species. Even more preferred is the use of Lactobacillus 
acidophilus (L. acidophilus), Lactobacillus fermentum (L. fermentum) or 
25 Mycobacterium vaccae (M. vaccae) } or parts thereof which are capable of 
inducing the Th1 cellular response. Specially preferred is L. acidophilus. L. 
acidophilus, L. fermentum or M. vaccae may be used live or as an inactivated 
preparation, as long as they are capable of inducing the Th1 response. For 
preference L. acidophilus and L. fermentum is used as a live preparation. It is 
30 considered that other bacteria would also be suitable as probiotics as herein 
defined (whether they have probiotic effect or not), for example the well known 
adjuvating bacteria such as for example L.casei, L. Plantarum, L rhamnosus, 
Bifidobacterium breve and the like. 
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Preferably the pharmaceutical composition includes viable organisms, 
however it will be understood that killed organisms may also be used. Further, 
single organism preparations or preparations containing multiple organisms are 
envisaged. The organism(s) can be either intact or disrupted. 
5 The preferred content of the probiotic, when the probiotic is a whole live 

probiotic bacterium, is one that will deliver a dosage from about 1 x 10 8 to about 
1 x 10 12 organisms. 

The preferred formulation of the composition is in a solid dosage form, 
such as for example tablet or capsule. It will be understood however that it may 
10 be formulated in the form of a food product, for example soy-based or dairy- 
based product. 

According to an eleventh aspect there is provided a method of prophylactic 
or therapeutic treatment of a symptom and/or syndrome associated with chronic 
or acute infection, or with undesirable microbial colonisation or reactivation, of a 
15 mucosal surface, comprising the administration of an effective amount of an 
agent capable of non-specific activation of the common mucosal system to a 
subject in need thereof. 

Preferably the symptom and/or syndrome to be treated is chronic fatigue 
syndrome. 

20 The preferred agent is a probiotic, or a probiotic-containing composition. 

Also preferred is that the probiotic is, or the probiotic-containing composition 

comprises, viable intact organisms. 

Preferably the subject to be treated is selected from the group consisting 

of an EBV positive athlete, a subject with sudden onset CFS, a subject with 
25 protracted fatigue following exercise, a subject with low level of salivary IgA or 

lgA1 and a subject with documented infectious mononucleosis. 

BRIEF DESCRIPTION OF FIGURES 

Figure 1 : IL-4 and IFN-y production following feeding with Lactobacillus 

acidophilus 

30 Figure 2: Secretion of NO into saliva of animals fed Lactobacillus 
acidophilus following challenge with Candida albicans 
Figure 3: Effect of probiotic on IL-12 production following challenge with 
Candida albicans 
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Figure 4: Effect of probiotic on IL-4 production following challenge with 
Candida albicans 

Figure 5: Resistant to infection in animals fed L acidophilus. 
Figure 6: Effect of probiotic on salivary IFN-y following challenge with 
5 Candida albicans 

Figure 7: Effect of probiotic on cervical lymph node IFN-y following 
challenge with Candida albicans 

Figure 8: Salivary IFN-y following challenge with C albicans. 
Figure 9: Effect of treatment with L-MLNA on clearance of C.albicans in 
10 mice 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The current invention is about the manipulation of cells and molecules that 
participate in both these systems, to "prime" mucosal surfaces to produce Th1 
cytokines in response to "danger". The concept that is developed is that certain 

15 bacteria, specially lactobacilli, populate the gut of subjects exposed to high 
density pathogens. Our studies have shown that these bacteria influence the 
cytokine pattern towards a Th1 response. The activated and IFN-y producing T 
cells populate the mucosal surfaces and their regional lymph nodes, setting up a 
containing armament awaiting "danger". 

20 The methods and compositions of the present invention can also be used 

effectively in the treatment of acute and chronic viral infections. In particular the 
treatment of chronic Epstein-Barr virus (EBV), cytomegalovirus (CMV) and other 
herpes-type virus infection, which are ubiquitous in the population and are 
associated with numerous symptoms and diseases, are envisaged as particularly 

25 useful applications. Also envisaged as a useful application of the compositions 
and methods of the present invention is the treatment of disorders which may 
have origins in or are triggered by viral infections which are prevalent in the 
population and which can be debilitating but have no known or no well defined 
treatment protocol, such as for example chronic fatigue syndrome ("CFS"). 

30 Substantial number of patients currently diagnosed as "CFS" reflect 

repeatedly activated EBV (or similar herpes group virus infection), due to 
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impaired mucosal immunity. This can be monitored through measurement of 
salivary lgA1 or INF-y, or PCR detected free virus. Characteristic (but not 
limiting) clinical features of those likely to respond to probiotic therapy includes 
onset of "viral illness", leaving a state of chronic relapsing fatigue. Acute 
5 deterioration occurs with "infection", usually noted as a sore throat, or excessive 
exercise. 

Viral infection need not cause immediately recognisable symptoms and 
may be dormant in otherwise fit and healthy subjects for a significant periods of 
time, but may reactivate once a trigger is provided. For example, in athletes 

10 undergoing intensive training or exercise impaired performance may be caused 
by reduced mucosal containment of EBV, which leads to reactivation and 
excretion of virus, which in turn leads to impaired performance and/or fatigue. 
Thus, athletes who are EBV positive and have impaired performances, specially 
if low salivary IgA or lgA1 is detected (for example less than 50 mg/100ml), 

15 could benefit from treatment with preparations of the present invention. 

Of course the preparations and methods of the present invention can 
also be applied to other subjects, for example patients diagnosed as "CFS", 
where a virus (usually EBV but can be CMV, Ross River virus and the like) is 
reactivated and the fatigue is particularly initiated by exercise. However, any 

20 patient with documented infectious mononucleosis not getting better within 

several weeks and left with fatigue, any patient with protracted fatigue following 
clinical (± serological) evidence of viral illness or subjects with sudden onset 
CFS, with recurrent sore throats, with significant exacerbation of fatigue 
following exercise, or with low level of salivary IgA or lgA1 (eg. less than 50 

25 mg/100ml), could benefit from treatment with the preparations of the present 
invention. 

It is envisaged that the administration of the probiotic or compositions 
containing the probiotic, will also assist in the treatment of symptoms and/or 
disorders described above in relation to viral infections. 
30 The probiotics have the effect on mucosal surfaces distal to the site of 

administration of the probiotic. Thus, in broad terms the present invention is 
concerned with a probiotic product, in particular a product which is or includes 
lactobacilli, but may include other bacteria or combinations of bacteria, or 
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indeed other adjuvants capable of inducing a Th1-type cellular response, which . 
can be administered as a bolus or preferably regularly fed to maintain optimal 
mucosal protection of all mucosal surfaces through priming of mucosal T cells or 
maintaining the primed state of the cells. Such T cells contain INFy and can be 
5 triggered to release INF-y by non specific mechanisms. Therefore, other 
agents capable of activating non-specifically the common mucosal system may 
also be advantageously used in the preparations and methods of the present 
invention. 

Further, the probiotics of the present invention may be used in 
10 conjunction with other treatments, to enhance or assist in their efficacy. For 
example, approximately 20% of patients treated with antibiotics for H. pylori 
infection fail to eradicate the organism. This resistance to antibiotic therapy may 
be due to a shift towards a ThO response (ie, less IFN-y and more IL-4). 
Administration of a probiotic prior to, in conjunction with or subsequent to 
15 antibiotic therapy can be beneficial by switching back to a more dominant Th1 
response and thus supplementing or assisting the antibiotic therapy to eradicate 
the organism in such patients. 

Administration of probiotic can therefore be used for prevention or 
therapy of mucosal infections, colonisation of mucosal surfaces with abnormal 
20 or inappropriate organisms and reinfection with or reactivation of viruses. 

The invention will now be described more particularly with reference to 
non-limiting examples. 

EXAMPLES 

Example 1: Effect of probiotic bacteria on Th1/Th2 cytokine response 

25 To determine whether probiotic bacteria down-regulate Th2 and 

up-regulate Th1 cytokine response, C57/BI6 mice were fed intragastrically using 
a feeding needle, various numbers of Lactobacillus acidophilus (obtained from 
University of New South Wales, School of Microbiology and Immunology Culture 
Collection, Sydney, Australia) on consecutive days for 2 weeks after which they 

30 were sensitised with 8 jxg of ovalbumin (OVA) and aluminium hydroxide in 0.2 
mL phosphate-buffered saline administered by peritoneal injection. The mice 
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were further fed ten times with L. acidophilus every two days for two weeks 
before they were sacrificed. Lymphocytes were isolated by teasing spleens 
through a sieve, washed with PBS, and resuspended at 10 x 10 6 One mL 
aliquots of the cell suspension were dispensed into wells of a 24-well 
: 5 flat-bottomed microtitre plate and stimulated with OVA (5 jug/mL). After 

incubation for 4 days the supernatants were collected and assayed for IL-4 and 
IFN-y production by standard ELISA techniques using IL-4 or IFN-y monoclonal 
antibody pairs. 

Briefly, wells of a 24-well microtitre plate were coated with a capture anti- 
10 IL-4 antibody. After incubation at room temperature for 1 hr, the wells were 
washed and biotinylated anti-IL-4 antibody was added to each well. Following 
incubation for a further 1 hr, the wells were washed and strepavidin-peroxidase 
conjugate was added to each well. After incubation for 30 mins, the wells were 
washed and then TMB substrate was added. The colour development was read 
15 at 450/620 nm in an ELISA plate reader. The level of IL-4 in unknown samples 
was quantitated by interpolation using a standard curve. A similar procedure 
was used for measurement of IFN-y. 

The results shown in Fig. 1 A and B demonstrate that feeding L 
acidophilus resulted in the suppression of IL-4 production in dose-dependent 
20 manner (Fig. 1 A) whereas the production of IFN-y was enhanced (Fig IB). 

Example 2: Effect of probiotic bacteria on nitric oxide (NO) secretion in 
saliva 

DBA/2 mice (n= 3 to 5 per group) were fed Lactobacillus acidophilus and 
then challenged with Candida albicans as described in Example 3 below. At 
25 various times following oral infusion, saliva was collected after injection with 
pilocarpine to stimulate saliva flow. The concentration of NO in saliva was 
determined by the Griess reaction according to the method by Gree et al (1982) 
Anal. Biochem 126:131-138. 

The data demonstrate that secretion of NO into saliva of animals fed 
30 Lactobacillus acidophilus (oral administration of 5x1 0 9 CFU) was increased early 
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after challenge with Candida albicans but was significantly reduced at a later 
stage (Figure 2). 

Example 3 Resistance to C, albicans following feeding with probiotic 
bacteria 

5 DBA/2 mice H2d male mice (n = 3-5 per group) were fed intragastrically 

every 2 days for 2 weeks with 5x 10 9 L acidophilus in 0.2mL PBS. One day 
after the last feed mice were challenged with 10 s Candida albicans blastospores 
by swabbing the oral cavity using a fine-tip sterile swab. At various days after 
infection the number of C. albicans in the oral mucosa was determined. The 

10 oral cavity (cheek, tongue and soft palate) was completely swabbed using a 
fine-tipped cotton swab. The cotton swab was placed in 1 mL PBS and the 
yeast cells were resuspended by mixing in a vortex mixer before culture of serial 
10-fold dilutions on Sabourand dextrose agar supplemented with 
chloramphenicol at 37°C. The results were expressed as CFU/mL (Figure 5) 

15 Mice fed L. acidophilus were more resistant to infection at all time points 

compared to control mice fed PBS. By day 6 the yeasts were almost completely 
cleared from mice fed L acidophilus. 

Example 4: IL-4, IFN-y and IL-12 production 

A further study on responses to Candida albicans infection was 
20 conducted in the model described in Example 3. 

Candida antigen was prepared from freshly cultured Candida albicans by 
sonication in a MSE Soniprep. The sonicate was centrifuged for 10 min at 
2000g after which time the supernatant was collected and dialysed against PBS. 
After protein estimation, the solution was filtered sterilised and stored at -20°C 
25 until needed. 

A single cell suspension of cervical lymph node (CLN) cells was prepared 
by teasing lymph node tissue through a sieve. The cells were collected in RPMI 
1640 medium supplemented with 10% foetal calf serum (FCS), washed twice by 
centrifugation and cultured at 4x1 0 6 cells per well in the presence of 2.5|ig/mL 
30 of Candida antigen in a 24-well plate for 3 days. 

The culture supernatants were collected and assayed for IL-4, IL-12 and 
IFN-y by ELISA using matched antibody pairs and recombinant cytokines as 
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standards (Pharmingen, San Diego, CA). The sensitivity of the cytokine ELISA 
was 31pg/mL and the results were expressed in net amounts from which the 
background was subtracted. 

Samples of saliva were obtained according to the procedure described in 
S5 example 2. 

The results of IL-4 and IL-12 study are shown in Figure 3 (IL-12) and Figure 
4 (IL-4). 

The results of the IFN-y study are shown in Figures 6 (salivary IFN-y) and 
7 (cervical lymph node IFN-y). 

10 The control data shows a small poorly sustained response to oral 

infection with Candida albicans, with no detectable IFN-y until day 6 of the 
infection. The data in mice fed L acidophilus indicates that there is no IFN-y 
response in uninfected mice but that there is an early response (day 2) when 
mice were challenged with C. albicans. Further, there was a more sustained 

15 IFN-y response after challenge with C. albicans than in the controls not fed L. 
acidophilus. This primary effect can still be seen in the nodes at day 1 5 and in 
saliva at day 8. 

Not wishing to be bound by any particular mechanism of action, it seems 
that the mucosal surfaces are primed by the administration of Lactobacillus to 
20 secrete IFN-y following a challenge and in this model IFN-y operates to prevent 
conversion of the pathogen, Candida albicans, to the mycelial (invasive) form of 
the fungus and enhances cellular immunity and nitric oxide production. 

Example 5. Role of IFN-y and NO in resistance to infection 

To identify the immune parameters of protection, the levels of IFN-y were 
25 determined at various times following infection with C. albicans. As shown in Fig 
8, there was a marked increase in the levels of IFN-y in saliva immediately and 
on day 1 after challenge with C albicans compared with unimmunised mice. The 
levels were sustained over 15 days with significantly higher levels detected on 
day 10 and day 15 compared with those in unimmunised mice. Since nitric oxide 
30 production is associated with host defence in parasitic infection, quantitation of 
NO was performed following infectipn in two mouse strains sharing the same 
H2d MHC haplotype. In this experiment mice were infected with C albicans and 
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then followed by ip injection with an inhibitor of NO synthase, by injecting NG - 
monomethyl-L-arginine monoacetate (MNLA ) daily for 3 days after which time 
the clearance rate of yeasts was determined. As shown in Fig 9, mice treated 
with MNLA had delayed clearance of yeasts at various time points in the two 
5 mouse strains compared with untreated mice, indicating that reduction in NO 
production is associated with resistance. 

Example 6: Enhanced clearance of non-typable H influenzae from the 

lungs of rats fed L acidophilus 

DA rats ( 200- 250 gm, 8-10 weeks old, Animal Resource Centre, Perth, 
10 WA) were fed intragastrically L acidophilus in 0.75 mL PBS (2.5 x 10 10 per rat) 

or PBS alone every 2 days for 7 days at which time the rats were immunised 

with formalin-killed H influenzae ( 5 x 10 9 per rat ) administered intralumenally 

(see groups below). Rats continued to be fed every 2 days for 2 weeks and 

then boosted with 50 jjL of formalin killed H influenzae ( 5 x10 8 per rat ) 
15 administered by the intratracheal route. After further feeding with L acidophilus 

for a further 7 days, the rats were challenged with 50 fiL of live 5 x 10 8 H 

influenzae in the lung. 

Immunisation groups (5 rats/group): 

1 PBS ( intralumenal ) 
20 2 H influenzae ( intralumenal) + H influenzae ( intratracheal boost) 

3 PBS (intralumenal) + L. acidophilus fed every 2 days 

4 H influenzae ( intralumenal ) + H influenzae ( intratracheal boost) + L. 
acidophilus fed every 2 days 

After 4 hrs post challenge, the rats were sacrificed and the levels of 
25 colonisation in the lung was examined in bronchial lavage (BAL) and lung 

homogenate (LH). The level of clearance was determined by a plating serial 10- 
fold dilutions of the lavage fluid or lung homogenate onto chocolate agar plates. 
The results. were expressed as number of colony forming units (CFU. 
The results are shown in Table 1 . Rats fed L acidophilus and 
30 immunised with killed H influenzae were more resistance to infection H 

influenzae in the lungs. Furthermore, rats fed orally with repeated doses of L 
acidophilus were more resistant to infection than rats given a single bolus of L 
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acidophilus, suggesting that enhanced clearance may be due to increased 
colonisation in the gut with L acidophilus following repeated feeding. 



Table 1 Increased clearance of H influenzae in the lungs of rats fed L 
acidophilus 



Groups 


BAL(CFU/ml_x10 6 ) 


LH (CFU/mLx 10 6 ) 


PBS 


26 ± 7.5 


90.2 + 29 


H influenzae + H 
influenzae boost 


4.6+ 3.0 


4.9 +1.2 


PBS + L acidophilus 


0.7 + 0.3 


12.5 ±5.7 


H influenzae + H 
influenzae boost + L. 
acidophilus 


0.19 + 0.1 


3.2+ 2.1 



5 Example 7. Effect of Lactobacillus acidophilus ( VRI 011) on translocation 
of Salmonella typhimurium in mice following immunisation with heat 
killed Salmonella vaccine. 

Translocation of gram-negative bacteria across the gut epithelium can 

occur especially in subjects following post-operative surgery or gastrointestinal 
10 infection. Left untreated it can lead to endotoxiemia. In this example, the effect 

of feeding L acidophilus on the translocation of gut pathogen Salmonella 

typhimurium is examined. 

Female BALB/c mice 6-8 weeks old were obtained from the Animal 

Resource Centre, Perth, WA. Lactobacillus acidophilus strain (VRI 011) and the 
15 pathogen Salmonella tyhimurium were obtained from the School of 

Microbiology and Immunology Type Culture Collection, University of New South 

Wales. 

Mice were given 5 doses of L acidophilus (VRI 01 1 ) (1 x 1 0 8 cfu per dose) 
or PBS over a 2 week period after which time mice were immunised 
20 intragastrically with a killed oral Salmonella vaccine. Two weeks after 
immunisation, the mice were sacrificed and the spleens collected for 
enumeration of L acidophilus and S tyhimurium. 
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Mice fed L acidophilus (VRI 01 1) before or simulatneously with a killed 
oral S typhimurium vaccine have better protection against translocation of S 
tyhpimuirum following live challenge via the oral route compared with mice fed 
PBS (Table 1). Immunisation with a killed oral vaccine led to decreased 
5 translocation of S typhimurium to the spleen but it was further enhanced by 
feeding L acidophilus. Thus translocation of pathogenic bacteria through the 
gut epithelium can be prevented by oral administration of probiotic. 

Example 8: Effect of Lactobacillus fermentum on translocation of 
pathogenic S tyhphimurium from the gut of mice vaccinated with killed 
10 oral Salmonella vaccine 

BALB/c female mice ( 6-8 weeks old ) were fed 10 8 L fermentum 
VRI012 (obtained from University of New South Wales, School of Microbiology 
and Immunology Culture Collection, Sydney, Australia) before or co- 
administered with 1 0 8 killed S typhimurium vaccine four times over a 2 week 

15 period. Two weeks after oral administration, the mice were challenged with live 
S typhimurium administered by the oral route. After sacrifice, the level of 
colonisation with S typhimurium in the spleen was determined. Table 2 
showed that low levels of translocation occurred in mice fed L fermentum prior 
to immunisation or co-administered with S typhimurium compared with mice 

20 fed PBS. 

Table 2 L fermentum VRI01 2 enhanced the inhibition of translocation of S 
typhimurium in mice immunsed with killed S typhimurium vaccine. 



Group treatment 


Log CFU/g wet wt of spleed ( + SEM) 


PBS ( Control) 


10.12 +_ 0.54 


Killed S typhimurium 


5.5 + 0.27 p < 0.05 vs Control 


L fermentum KLD ( before ) 


3.8 + 0.12 p < 0.05 vs Control 


L fermentum KLD (co- 
administered) 


4.5 + 0.22 p < 0.05 vs Control 
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Example 9. Effect of L. fermentum on clearance of NTHi bacteria 

Groups of 6 male, specific pathogen free, dark agouti (DA) rats were 
given a single dose of PBS or live L. fermentum (2.5 x 10 10 ) directly into the 
duodenal lumen after exposure of the intestine by laparotomy. Twenty-one days 

5 later the rats were infected intratracheally with 5x1 0 8 live Non-typeable 
Haemophilus influenzae (NTHi). Four hours later the rats were killed by 
pentobarbitone overdose. The lungs were lavaged with 10 mL PBS to obtain 
broncho-alveolar lavage fluid (BAL). The lavaged lungs were then homogenised 
in 10mL of PBS. Twenty microlitres of ten-fold serial dilutions of BAL and lung 

10 homogenate (LH) were plated on chocolate agar plates and incubated in a 10% 
C02 incubator at 37°C overnight. Colonies were counted and the number of live 
bacteria in the BAL and LH preparations determined. The recovery of live NTHi 
bacteria, presented as colony forming units (CFU), was as follows: 
Table 3. 



Rats dosed with: 


BAL CFU (10 6 ) 


LH (10 6 ) 


PBS 


3.67 ±1.30 


103.5 ±34.2 


L. fermentum 


0.49 ±0.19 


0.82 ±0.37 p = 0.017* 



15 * When compared to PBS group 



These data show that a single dose of L. fermentum delivered to the gut 
causes enhanced clearance of a subsequent acute NTHi respiratory infection. 

Example 10. Effect of L acidophilus on clearance of H. pylori 

20 Two groups of 5 female C57BL/6 mice were infected with H. pylori 

(Sydney strain 1) by administration of approx. 10 9 live H. pylori on three 
consecutive days (days 1,2 and 3) by gavage. On days 28, 30, 32, 35, 37 and 
39 mice were dosed by gavage with live L acidophilus (5x1 0 9 in 0.2 mL water) 
or water (control group). 

25 Twenty-one days later (day 50) mice were killed by pentobarbitone 

overdose (administered intra-peritoneally) and their stomachs removed. The 
stomach was dissected into two equal halves and one half was placed in 1mL of 
deionised water and homogenised. Serial 10-fold dilutions of stomach 
homogenate were plated out on chocolate agar plates containing fungizone, 

30 vancomycin, bacitracin and nalidixic acid. After incubation for 3 days at 37°C 
under microaerophilic conditions, the colonies were counted and the total 
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number of live H. pylori in the original stomach homogenate determined, the 
results for recovery of live H. pylori in the stomach, expressed as colony-forming 
units (CFU), are shown in the following table. 

Table 4: 



Mice dosed with: 


Number of H. pylori in stomach homogenate 
(10 4 CFU) 


Deionised water 


252 ± 44 


L. acidophilus in water 


105 ± 14 



The two groups are significantly different (P = 0.013) 



These results show that mice dosed with L. acidophilus have a lower level of 
H. pylori infection of the stomach than do control mice. This is an example of a 
therapeutic effect of L. acidophilus on a pre-established H. pylori infection. 

10 Example 1 1 : Anti-bacterial therapy (Metronidazole) of Helicobacter pylori 
infection in mice pre-treated with probiotic 

H. pylori infected mice (5 per group) were treated with Lactobacillus 
acidophilus (1x1 0 9 per animal) by oral feeding 3 times a week for 2 weeks prior 
to treatment with Metronidazole (0.08mg/animal) for 1 week. 
15 The following results demonstrate that highly significant eradication of 

bacteria from the stomach was noted in mice pre-treated with probiotic and 
followed by antibiotic therapy (70%, p=0.009), those treated with probiotic alone 
(58%, p=0.013), and those treatment with metronidazole alone (55%, p,0.025), 
when compared with the saline-treated control group. 

20 Table 6: 



Treatment Group 


H. pylori colonisation 
(x10 5 CFU/animal) 


% eradication 


Saline 


25 ± 4.3 


0 


L acidophilus 


10.5 ± 1.4 


58 a 


Metronidazole 


11.4±2.5 


55 b 


L acidophilus + 
Metronidazole 


7.5 ±2.6 


70 c 



a, p<0.01; b, p<0.02; c, p<0.005 compared with control values 
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The above examples demonstrate that probiotic bacteria, by driving a 
particular cytokine balance (from gut derived but mucosally re-located T cells), 
create an environment less favourable for particular microbial growth. 

Although the present invention has been described with reference to 
5 preferred embodiments it will be understood that variations in keeping with the 
inventive concept described herein are also contemplated. 
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CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1 A method of prophylactic or therapeutic treatment of chronic or acute 
infection, or of undesirable microbial colonisation, of a mucosal surface, other 
than intestinal mucosal surface, comprising the administration of an effective 

5 amount of a probiotic as herein defined, or of a probiotic-containing composition, 
to a subject in need thereof. 

2 A method according to claim 1 wherein the mucosal surface is selected 
from the group consisting of oral, nasopharyngeal, respiratory, gastric, 
reproductive and glandular. 

10 3 A method of prophylactic or therapeutic treatment of a chronic or acute 
disorder of mucosal surface of the respiratory tract, comprising the 
administration of an effective amount of a probiotic as herein defined, or of a 
probiotic-containing composition, to a subject in need thereof. 

4 A method according to claim 3, wherein the mucosal surface is oral 
15 mucosa. 

5 A method according to claim 3, wherein the mucosal surface is lung 
mucosa. 

6 A method according to any one of the preceding claims, wherein the 
probiotic as herein defined, or the probiotic-containing composition, is 

20 administered to the gastric or to the intestinal mucosal surface. 

7 A method of prophylactic or therapeutic treatment of a chronic or acute 
disorder of a mucosal surface caused by disturbance in cytokine balance or lack 
of an appropriate T cell immune response, comprising the administration of an 
effective amount of probiotic bacteria, or a probiotic bacteria-containing 

25 composition, to a subject in need thereof. 

8 A method according to claim 6 or claim 7 wherein the mucosal surface is 
selected from the group consisting of oral, nasopharyngeal, respiratory, gastric, 
intestinal, reproductive and glandular. 

9 A method according to any one of claims 3 to 8, wherein the disorder is 
30 an infection orinappropriate microbial colonisation. 

10 A method according to claim 9 wherein the infection is a bacterial 
infection caused by one or more bacteria selected from the group consisting of 
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Pseudomonas species, Streptococcus species, Staphylococcus species, 
Candida species, Helicobacter species and Haemophilus species. 
11 A method according to claim 10 wherein the one or more bacteria are 
selected from the group consisting of non-typable Haemophilus influenzae, 
r5 Pseudomonas aeruginosa, Streptococcus pneumoniae, Staphylococcus albus, 
Staphylococcus aureus, Candida albicans and Helicobacter pylori 

12. A method according to claim 9, wherein the disorder is an infection or 
inappropriate colonisation by a virus. 

13. A method according to claim 12, wherein the virus is selected from the 
10 group consisting of Epstein-Barr virus (EBV), cytomegalovirus (CMV), Ross 

River virus (RRV), herpes-type virus and the like. 

14. A method according to claim 9 or claim 12, wherein the disorder is chronic 
fatigue syndrome (CFS). 

1 5 A method according to any one of claims 7 to 14 wherein the cytokine is 
1 5 interferon-y, interleukin-4 and/or interleukin-1 2. 

16 A method according to any one of claims 9 to 15, wherein the appropriate 
T cell immune response is Th1 response. 

17 A method according to any one of claims 1 to 16, wherein the probiotic as 
herein defined is, or probiotic-containing composition contains, a Lactobacillus 

20 or a Mycobacterium species. 

18 A method according to claim 17, wherein the probiotic as herein defined is, 
or probiotic-containing composition contains, Lactobacillus acidophilus, 
Lactobacillus fermentum, Lactobacillus casei and/or Mycobacterium vaccae. 

19 A method according to claim 17 or claim 18 wherein the probiotic as herein 
25 defined, or probiotic-containing composition, includes viable organisms. 

20 A method according to any one of claims 1 to 19, wherein the effective 
amount is in the range of about 1 0 8 to 1 0 12 CFU 

21 A method according to claim 20 wherein the effective amount is about 10 11 
CFU. 

30 22 A method according to any one of claims 1 to 2i, wherein the probiotic as 
herein defined or probiotic-containing composition is in a solid dosage form. 
23 A method according to claim 22, wherein the dosage form is a tablet or a 
capsule. 
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24 A method according to any one of claims 1 to 23, further comprising the 
administration of one or more pharmaceutically active agents. 

25 A method according to claim 24, where the one or more pharmaceutically 
active agents is an antibiotic. 

5 26 A method according to claim 24 or claim 25, wherein the probiotic as 
herein defined, or the probiotic-containing composition, is administered prior to, 
simultaneously with or subsequent to one or more pharmaceutically active 
agents. 

27 A method according to any one of claims 1 to 26, wherein the site of 

10 administration of the probiotic as herein defined, or of the probiotic-containing 
composition, is distal to the mucosal surface having the disorder. 

28 A method according to claim 27, wherein the probiotic as herein defined, or 
the probiotic-containing composition, is administered to the intestinal mucosal 
surface in the treatment of oral, nasopharyngeal, gastric, respiratory tract, 

15 reproductive tract or glandular mucosal infection. 

29 A method of altering cytokine balance at a mucosal surface in a subject 
comprising the administration of an effective amount of a probiotic as herein 
defined, or of a probiotic-containing composition, to a subject in need thereof. 

30 A method of inducing a Th1 cellular immune response at a mucosal 

20 surface in a subject comprising the administration of an effective amount of a 
probiotic as herein defined, or of a probiotic-containing composition, to a subject 
in need thereof. 

31 A method of enhancing the secretion of interferon-y at a mucosal surface 
in a subject comprising the administration of an effective amount of a probiotic 

25 as herein defined, or of a probiotic-containing composition, to a subject in need 
thereof. 

32 A method of reducing the secretion of interIeukin-4 at a mucosal surface in 
a subject comprising the administration of an effective amount of a probiotic as 
herein defined, or of a probiotic-containing composition, to a subject in need 

30 thereof. 

33 A method of restoring normal cytokine balance at a mucosal surface in a 
subject comprising the administration of an effective amount of a probiotic as 
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herein defined, or of a probiotic-containing composition, to a subject in need 
thereof. 

34 A method of priming mucosal surface for immunotherapy comprising the 
administration of an effective amount of a probiotic as herein defined, or of a 

. 5 probiotic-containing composition, to a subject in need thereof. 

35 A method according to claim 34, wherein immunotherapy consists in 
administration of a therapeutic or prophylactic vaccine. 

36 A method according to claim 34 or claim 35, wherein the probiotic as 
herein defined, or the probiotic-containing composition, is administered before 

10 or simultaneously with the vaccine. 

37 A method according to claim 35 or claim 36, wherein the probiotic as 
herein defined, or the probiotic-containing composition, is additionally 
administered after the vaccine. 

38 A pharmaceutical composition suitable for prophylactic or therapeutic 
15 treatment of chronic or acute disorder of a mucosal surface comprising an 

effective amount of a probiotic as herein defined, or of a probiotic-containing 
composition. 

39 A pharmaceutical composition according to claim 38, wherein the 
probiotic as herein defined is, or probiotic-containing composition contains, a 

20 Lactobacillus or a Mycobacterium species. 

40 A pharmaceutical composition according to claim 39, wherein the probiotic 
as herein defined is, or probiotic-containing composition contains, Lactobacillus 
acidophilus, Lactobacillus fermentum, Lactobacillus casei and/or Mycobacterium 
vaccae. 

25 41 A pharmaceutical composition according to any one of claims 38 to 40, 
wherein the probiotic as herein defined, or probiotic-containing composition 
includes, viable organisms. 

42 A pharmaceutical composition according to any one of claims 38 to 41 , 
wherein the composition contains about 10 8 to about 10 12 CFU 
30 43 A pharmaceutical composition according to claim 42 wherein the 
• composition contains about 10 11 CFU. 
44 A pharmaceutical composition according to any one of claims 38 to 43, 
wherein the pharmaceutical composition is in a solid dosage form. 
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45 A pharmaceutical composition according to claim 44, wherein the dosage 
form is a tablet or a capsule. 

46 * Method of prophylactic or therapeutic treatment of a symptom and/or 
syndrome associated with chronic or acute infection, or with undesirable 

5 microbial colonisation or reactivation, of a mucosal surface, comprising the 
administration of an effective amount of an agent capable of non-specific 
activation of the common mucosal system to a subject in need thereof. 
47. A method according to claim 46, wherein the symptom and/or syndrome 
is chronic fatigue syndrome. 
10 48. A method according to claim 46 or claim 47, wherein the agent is a 
probiotic as herein defined, or a probiotic-containing composition. 

49. A method according to claim 48, wherein the probiotic as herein defined 
is, or the probiotic-containing composition comprises, viable intact organisms. 

50. A method according to any one of claims 46 to 49, wherein the subject is 
15 selected from the group consisting of an EBV positive athlete, a subject with 

sudden onset CFS, a subject with protracted fatigue following exercise, a 
subject with low level of salivary IgA or IgA1 and a subject with documented 
infectious mononucleosis. 
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ABSTRACT: The beneficial properties of lactic acid bacteria (LAB) on human health have been frccuently 
demonstrated. The interaction of LAB with the lymphoid cells associated ro the gut to activate the mucosal 
immune system and the mechanisms by which they can exert an adjuvant effect is still unclear, as well as if 
this property is common for all the LAB. We studied the influence of the oral administration of different 
genous of LAB such as Lactobacillus casei, L. acidophilus, L. rhamnosus, L. delbrueckii subsp. bulgaricuw 
L, plantarunu Lacfococcus fact is and Streptococcus t her mop hi I us. We determined if the LAB assayed were 
able to stimulate the specific, the non-specific immune response (inflammatory response), or both. We dem- 
onstrated thai all the bacteria assayed were able to increase the number oMgA producing cells associated to 
the lamina propria of small intestine. This effeel was dose dependent. The increase in lgA + producing cells 
was not always correlated with an increase in the CD4* T cell number, indicating that some LAB assayed only 
induced clonal expansion of B cells triggered to produce IgA. Most of them, induced an increase in the 
number of cells involved in the inflammatory immune response. CD8*T cell were diminished or not affected, 
with exception of/-, plantamm that induced an increase at low dose. This fact would mean that LAB arc 
unable to induce cytoxicity mechanisms. 

We demonstrated the importance in the selection of LAB to be used as gut mucosal adjuvant. The 
different behaviours observed among them on the gut mucosal immune response, specially those that induce 
inflammatory immune response, show that not all the LAB can be used as oral adjuvant and that the benefi- 
cial effect of them can not generalized to genous or specie. The immunoadjuvant capacity would be a prop- 
erty of the strain assayed. 



Introduction 

The intestinal microenvironment is extremely com- 
plex. It contains normal microflora and immune cells 
associated to mucosa surfaces. The indigenous microf- 
lora of the digestive tract consist of autochthonous mi- 
croorganisms which largely stay in the host and the Iran- 
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sient one. These microorganisms play a role in the de- 
velopment and maintainancc of the activity of the im- 
mune system associated to the gut-associated-lymphoid 
tissue (GALT); that includes IgA, CD4+, CDS' T cells 
and intraepithelial lymphocyte (IEL) activation. It has 
been demonstrated thai obligate anaerobic Gram posi- 
tive bacteria not only provide the stimulus for populat- 
ing the lamina propria with IgA cells but also for the 
increase of cellularity in the intraepithelial compartment 
(Moreau et aL, 1978; Klasen et al. t 1993). It was sug- 
gested that the gut flora can be modified by the inges- 
tion of certain non pathogenic microorganisms called 
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"probiotics" (Fuller. 1992). A group of these bacteria 
are the lactic acid bacteria (LAB), which can influence 
the intestinal microenvironmcnt and to produce benefi- 
cial effects in the host. 

Lactic acid bacteria and the fermented products 
containing these microorganisms can decrease blood 
cholesterol level, induce antitumour immunity and 
secretory immune system stimulation ( Agerback el <//., 
1995; Matzusaki et a!., 1985; Schiffrin et a/., 1995; 
Sanders, 1993; Perdigon et aL 9 1998). 

The use of LAB fermented milks as oral adjuvant 
has been suggested in the prevention against enteric 
infection (Saavedra et aL 1994; Isolauri et a/., 1991 ). 
However, its use in human being is still limited, because 
there is none or poor information about the mechanisms 
involved to exert beneficial effects on the host 
(Halmiton-Miller, 1996). 

Although direct transposition of results from ani- 
mals studies to human, is not always possible, they may 
serve to give an indication of the potential benefits avail- 
able of these probiotic bacteria and also give informa- 
tion about how the probiotics work, and what immune 
cells are activated. 

In previous studies we have demonstrated that dif- 
ferent LAB are able to activate the systemic immune 
response (Perdigon etal., 1986, 1988) and that L. casei 
was able to induce a secretory immune response de- 
pending of the dose administered (Perdigon etal., 1991, 
1995). 

The aim of this work, was to study how the inges- 
tion of LAB as mucosal adjuvant can influence on the 
activation of the immune cells associated to the gut, and 
if the oral imnumoadjuvant property described for the 
LAB assayed can be extrapolated to the genous or 
specie. 

Materials and Methods 

Animals 

Female BALB/c mice weighing 25-28 g of 6 weeks 
age were obtained the random-bred colony kept in our 
department at the Institute of Microbiolgy. Each experi- 
mental group consisted of 3 mice/day of LAB adminis- 
tration. Each assay was performed by duplicate or trip- 
licate. 

Microorganisms 

The bacterial strains used for experiments were: L. 
casei CRL 431,1. acidophilus CRL 924, Lac. lactis CRL 
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526, L. pkmiarum CRL 936, L. delhrueckii subsp. 
bulgaricus CRL 423, L. rhamnosus CRL 74 and .V. 
thermophilic CRL 412, from CFRLLA culture collec- " 
tion. 

L. casei, L acidophilus, L. rhamnosus, L. planta run i . 
and L. delhrueckii ssp. hulgurictts were cultured for M li 
at 37"C in MRS (De Man el I960) brolh (Oxoiil 
Ltd, U.S. A); S. thermophilic and Lac. lactis were cul- 
tured 8 h at 37°C and 30°C respectively in LAPTg (Lac- 
tose, peptone, tryptone-glucose; Raibaud el al. % 1961 ) 
broth. All of them were harvested by centri (ligation at 
5,000 g for 10 min, and washed three times with sterile 
saline solution. 

Feeding procedure 

Mice were fed daily with each culture of LAB at 
10* CFU/day /animal for 2, 5 or 7 consecutive days. The 
cultures, suspended in sterile 10% non-fat milk (NFM) 
were administered at 20% v/v in. the drinking water. The 
control group received sterile milk (NFM) 10% in the 
drinking water, given under the- same conditions as those 
used for the test groups. 

immunofluorescence test 

The number of JgA-secreting cells, CD4"* and CDS* 
T lymphocytes were determined on samples from the 
ileum near Peyer's patches in the small intestine by im- 
munofluorescence test. The preparation of histological 
slices of the different groups under study were as de- 
scribed Perdigon et aL { 1 995). The direct immunofluo- 
rescence test was performed using the respective mono- 
specific antibodies (a -chain specific) conjugated with 
fluorescein isothiocyanate (FITC) (Sigma, St. Louis, 
MO 61378 USA) or FITC conjugates monoclonal anti- 
bodies specific for CD4 + or CD8 + T lymphocytes (Gibco 
BRD Life Technologies, Neutroquimica SA, Buenos 
Aires 1 1 25, Argentina). Histological samples of small 
intestine were incubated with 0.2 ml of different anti- 
bodies at 1/1 00 dilutions for IgA or 1/200 for CD4 ' and 
CDS* during 30 min at room temperature. Then, they 
were washed three times with 0.01 M Na phosphate- 
buffered saline, pH = 7.2. Negative controls were run 
using the respective unlabelled antibodies (a chain spe- 
cific or CD4\ CD8*) before incubation with FITC-con- 
jugated antibodies. The results were expressed as the 
mean of number of positive cells per 10 fields (magni- 
fication lOOx). They represent the mean of three histo- 
logical slices of each animals (n = 3), for each period of 
administration and LAB. 
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Histological samples 

Histological slices were also stained with haemato- 
xylin-cosin to identify macrophages, eosinophils, poly- 
morphonuclear (PMN) cells and intraepithelial lym- 
phocytes ( IK I The results were expressed as number of 
cells on 10 villi and per 10 fields (magnification 100 x) 
for lELs Values represent the mean of three determina- 
tion from each animal (n = 3) for each period of feeding 
and LAB. 

His to ch en i iced stain ing 

In order to study the mast cells associated with the 
intestinal epithelium, the histological samples were 
stained with Alcian-Blue-Safraninc at pH = 1 .5, accord- 
ing Tass ( 1 977) methodology. The number of mast cells 
were expressed per 10 fields (magnification lOOx). 
Three histological slices from each animals (n = 2) pe- 
riod of administration and LAB, were analized. 

Statistical Analysis 

Data were expressed as the mean (M) of n inde- 



pendent experiments ± standard errors of the mean 
(SEM). Student's test was used to calculate the statisti- 
cal significance of the results. 



Results 

Determination of IgA producing cells on lamina pro- 
pria of small intestine 

A different pattern in the number of IgA* cells 
through the administration time for each strain was ob- 
served. Comparatively to the normal control, we ob- 
served that L Hianmosus increased the number of IgA* 
cells with the time of administration. L. acidophilus and 
L. casei showed an increase for 2 d of feeding, for 5 or 
7 d the values decreased being similar to the normal 
control. L. delhrueckii ssp. bulgaricus induced an in- 
crease on the IgA cells for all the doses, S. thermophilus 
for 2 and 7 d while Lac. lactis showed a slight increase 
for 5 d and L. plantarum enhanced these cells only for 
2 d of administration then the value decreased being 
less than the normal control. 

These results are shown in Table 1 . 



TABLE 1. 

Effect of lactic acid bacteria on the IgA secreting cells associated to the small intestine 



IgA secreting cells (NumbeiVIO fields) 






Days of administration 




Strains 


2 


5 


7 


L. rhamnosus 


78 ±5 


1 04' ± 5 


1 12* ±6 


L. acidophilus 


131* ± 7 


93+6 


86 ±5 


L. casei 


1 18* ± 7 


68 ± 6 


87 ±4 


L. bulgaricus 


135* ± 7 


102 ±7 


146* ± 6 


S. thermophilus 


112*±5 


86 ±6 


120' ±7 


Luc. lactis ' 


93 ±6 


102 ±5 


65 ±6 


L. plantarum 


144" ± 7 


50 ± 5 


40 ±4 



Normal control; 85 ± 5 



Histological slices were performed after LAB administration as described in the text. IgA. 
secreting cells were determined by direct Immnuinofluoreseence test. Values are the mean of 
n mice«5±SD.*p< 0.05 
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TABLE 2. 

Determination of CD4 + T cells on lamina propria of small intestine, after LAB administration. 



CD4 + T cells (Number/I 0 fields) 
Days of administration 



Strains 


2 


S 


7 


L. rhamnosus 


66 ±5 


24' + 4 


26* ±5 


L. acidophilus 


38* ±4 


62 ±6 


65 ±7 


L. casei 


131" ±5 


95" ±5 


49 ±7 


L. bulgaricus 


3T + 4 


37 ±5 


40 ±4 


Lac. lactis 


42 ±7 


62 ±7 


25* ±4 


S. thermophilic 


49 + 6 


39" ±6 


39 ±7 


L. plant arum 


82" + 7 


29* ±4 


31* ±5 


Normal control: 54 ±4 








LAB were administered for 2, 5 or 7 consecutive days. CD4* T cells were determined at the end of 
each administration period by Immunofluorescence test on histological slices from small intes- 
tine. Results are expressed as mean of n mkc= 5 ± SD. *Values significant lower than the control 
with p between < 0.05 and < 0.01. **Significant higher values than the control with p between 
< 0.01 and < 0.001. 




TABLE 3. 




Effect of LAB administration on CD8* 


T cells number from small intestine 


CD8 + T cells (Number/10 fields) 






Days of administration 




Strains 


2 


5 


7 


L. rhamnosus 


28" + 4 


22* ±4 


27* + 5 


L. acidophilus 


64 + 6 


40 ±6 


39 ±5 


L. casei 


50 ±5 


55±6 


49 ±5 


L. bulgaricus 


35* ±7 


41±6 


50 ±7 


S. thermophilic 


49 ±5 


31*± 5 


38*±7 


Lac. lactis 


41 ±6 


54 ±5 


38*±5 


L. plan/arum 


107" ±8 


38*±7 


33*±6 



Normal control: 58 ± 5 



CDS" T cells were counted on lamina propria of histological slices from small intestine by direct 
immunofluorescence test. Results are mean of n mice = 5 ± SD. *Values significant lower than the 
control with p < 0.01 and < 0.00 1. **Significnnt higher values related to the normal control 
<0.0I. 
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FIGURE 1 . Light micrograph of paraffin sections stained 
with haematoxylin-eosin from small intestine. They show 
an increase in the number of immune cells associated to 
the gut (b) or inflammatory response with oedema in the 
villi (c). 

Magnification 40 x. 

a) Normal mice; b) Treated with L. case/ during 2 days; 
c) Treated with L. planiarum during 5 days. 
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Identification o/CD4 A and CD8 ¥ T cells an lamina pro- 
pria of small intestine 

When we determined CD4* T cells we observed 
that L. casei was able to increase this population for the 
doses of 2 and 5 d related to the normal control, while 
L. plantarum only did for two days of administration, 
then the values were lower than the control. S. 
thermophilic and L. delbrneekii ssp. bulgaricus 
disminished these T cells for all the doses assayed. L. 
rhamnosus * L acidophilus and Lac. lac/is did not show 
an increase in CD4* T cells and the values were lower 
or similar than the control (see Table 2). 

The values obtained for CDS" T cells were lower 
than the control values in the cases of L.delbruekii ssp. 
bulgaricus^ S. thermophilus, L. rhamnosus and Lac. 
fact is. For L. casei there was not modification as regard 
to the control values. L. acidophilus showed a not sig- 



nificance increase for 2 d while L. plantarum induced a 
significant increase for 2 d, then Ihey were lower than 
the control. These results are expressed in Table 3. 

Quantification of inflammatory immune cells on lamina 
propria of small intestine 

When we analyzed the number of macrophages 
present on lamina propria of small intestine we saw an 
increase of them in relation to the control values fori. 
rhamnosus and Lac. lactis for 5 and 7 d of administra- 
tion. L. delbritekii ssp. bulgaricus, S. thermophilus did 
not induce augmentation on the macrophage number in 
the doses assayed. We observed a slight increase for 7 d 
of L. casei and for 2 d of L. acidophilus. In the case of 
L. plantarum the values were lower than the control one 
for 2 and 5 d. There were not modification in the num- 
ber of polymorphonuclears (PMN) in relation with the 



TABLE 4. 



Effect of LAB on the immune cells involved in the inflammatory immune response. 



Strains 



Days of 
administration 



Cells/ 10 villi 



Macrophages 



PMN 



Eosinophils 





2 


111+5 


9 ±2 


19*±2 


L.rhamnosus 


5 


172*+4 


2T±3 


19*±2 




7 


169'±6 


13*±2 


14±2 




2 


114±4 


5±1 


13±2 


Lac.iactis 


5 


220'±7 


26'+2 


30*+2 




7 


219*±6 


28*±3 


33*±2 




2 


191*±7 


11±2 


33*±3 


L.acidophilu.s 


5 


143+6 


8±2 


30*±2 




7 


156±6 


16*±2 


61 '±4 




2 


133±7 


9±2 


22 '±3 


L. casei 


5 


I 10±5 


9+2' 


I9'±3 




7 


17CT+7 


4±1 


19*±2 


L. bulgaricus 


2 


91 ±4 


26^±3 


20*±2 


5 


115+6 


16'±2 


15±2 




7 


100+5 


13*±2 


3±1 




2 


108±6 


22*±2 


11±2 


S.lhennophihis 


5 


U9±6 


20'±2 


4±2 




7 


107+6 


21*±2 


I3±2 




2 


121±7 


23*±3 


11+2 


L.planlarum 


5 


106±6 


17'±2 


7±2 




7 









Control Values: Macrophages = 143 ± 6 

Polymorphonuclears (PMN) = 6 ± 2 
Eosinophils « 10 ± 3 

Inflammatory cells were determined on histological slices from small intestine stained with haematoxylin- 
cosin. Results are mean of n mice = 5 ± SD. ^Significant values p < 0.OL 
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control forL. casei in all of the dose assayed. L. acido- 
philus increased the number of PMN for 7 d of admin- 
istration while L. delbrueckii ssp. bulgaricus, S. 
thermcphilust L. rhamnosus, Lac. lactis and L. 
plantarum showed PMN cells increase. As regard to the 
eosinophils number they were increased for L acido- 
philus, L. casei, L rhamnosus and Lac. lactis for all the 
period assayed. L. delbrueckii ssp. bulgaricus showed 
an /increase only for 2 d. We did not observe eosino- 
phils increase with S. thermophilus and L. plantarum 
administration. However for 7 d of L. plantarum we 
could not identify the immune cells due to necrosis. 
These results are expressed in Table 4, The histological 
alteration observed when the LAB induced an increase 
in the number of cells involved inflammatory immune 
response are showed in Fig. 1 a, b and c. The oedema in 
the villi is remarkable. 
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Determination of I EL and mast cell associated with the 
intestinal epithelium 

We observed that most of the LAB assayed increase 
the number of 1EL as regard to the control values. The 
increase was dose dependent. rhamnosus. Lac. Lactis 
and L. casei shown diminished or similar values to (he 
control. L. delbrueckii ssp. bulgaricus, S. thermophilus, 
L. acidophilus and L. plantarum induced an enhance of 
those cells depending of the dose assayed. When we 
determined by Alcian-BIue staining if some of the 
intraepithelial lymphoid cells were mast cells, we ob- 
served that L. rhamnosus and L. acidophilus increased 
these cells only for 7 days. Lac. lactis, S, thermophilus, 
L, casei and L. plantarum did not increase the mast cells. 
L. bulgaricus showed a significant enhance for 5 and 7 
days. 

These results are shown in Table 5. 



TABLE 5. 



Effect of LAB on the number of 1EL and Mast cells associated to intestinal epithelium 



Days of Cclls/10 fields 

Strains 

administration 

I EL Mast cells 





2 


30.5±3.4 


20.22±2.3 


L.rhamnosiis 


5 


53±4.1 


19.16±2.8 




7 


33.5±2.8 


51.17*12.1 




2 


4S.66±3.8 


20.83±3.2 


Lac.lactia 


5 


58.16*±4.2 


30+5 




7 


25±4 


20.83+3.2 




2 


75.33**13.2 


1 0. 1 7±3 


^acidophilus 


5 


67.33*14.3 


21.33±2 




7 


63.33*14.1 


70.I6**±3.I 




2 


38±5.2 


21.3311.7 


L. casei 


5 


32.33±6.l 


33.1+3.1 




7 


37.6513.1 


1312.4 




2 


43.33±4.1 


12.6712.1 


L. bulgaricus 


5 


198.67**16.2 


55.66*14.1 


7 


I03.33**+5.1 


39.77*12.3 




2 


60.66*15.1 


1811.8 


S.thermophilus 


5 


38.33+3.3 


16.67+5.71 




7 


68.33*±6.2 


24.1611.8 




2 


61.33*13.4 


1911.8 


L.plantarum 


5 


131.67**±2.1 


17.3314.3 




7 


56.19±3.2 


17.113.2 


Control values: Intraepithelial 


lymphocytes 


(IEL) = 45.66 ±4.1 




Mast cells = 20 ±2 






Results are means of n mice = 5 


± SD. Significant values * p < 0.05, 


** p< 0.01 
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Discussion 

The intestinal immune system consists of a num- 
ber of compartments with different functions contrib- 
uting to a mucosal immune response. They are: Peyer's 
patches (PP), gut lamina propria and intra-epithelial 
lymphocytes (Weinstein and Cebra, 1991; Mc Ghee et 
aL, 1 985). Peyer's patches are the inductive site for the 
generation of IgA committed, preplasmablast and IgA 
memory cells (Cebra and Shroff, 1994). In this site the 
antigens are transported through specialized cells called 
M cells which put in contact the antigen with the anti- 
gen presenting cells (A PC) to be processed and pre- 
sented to CD4 + T cells (Walker and Sanderson, 1995). 
Antigen specific IgA committed B cells and plasmablasts 
emigrate to the mesenteric lymph nodes, where farther 
expression and maturation of these cells may occur. T 
cells are also able to migrate (Cerf-Bensussan, 1995). 
The intestinal lamina propria (LP) receives pre plasma 
cells from both PP and mesenteric lymph nodes (MLN) 
(Werner, 1 997), it also receives CD4*and CD8 + T cells 
antigen specific or polyclonally induced and non spe- 
cific NK cells. Antigen specific CDS 4 T cells may be 
generated in PP and emigrate to the intra-epithelial 
space. In LP are also the immune cells involved in the 
inflammatory immune response. However, intestinal 
immunization can induce a profound suppression of the 
local and also the systemic immune response as just 
has been reported (Weiner, 1997; Tomasi, 1980). This 
phenomenon is called oral tolerance and appears to be 
mediated by cytokines released from immune cells. 

In the present paper we studied how the oral ad- 
ministration of LAB interacting with the gut can influ- 
ence this complexe network of signals between epithe- 
lial and immune cells. It was also studied whether or 
not these microorganisms are able to activate the mu- 
cosal immune system and what kind of immune response 
is induced. 

When we analyzed the behaviour of the different 
LAB assayed on the immune cells associated to mu- 
cosa, we saw that each strain showed a different pattern 
of immune cells activation, especially in the case of IgA 
producing cells, where this increase, in the most of the 
LAB studied, was not correlated with an increase in 
CD4+ T lymphocytes (see Table 1 and 2). It is known 
the role that plays CD4* T cell in increasing of IgA" B 
cells favouring the switch IgM to IgA (Weinstein and 
Cebra, L991). It was also demonstrated that macroph- 
ages and intestinal epithelial cells by antigen stimula- 
tion release interleukin 6 (IL6), which can induce IgA^ 
cell expression and selective synthesis of this immuno- 
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globulin (Fujihashi et ai, 1991). We believe that those 
LAB that were not able to increase CD4* T cells, the 
IgA* B cells were enhanced as a consequence of other 
mechanisms, for example, through IL6 release or by 
clonal expansion of IgA + B cells present in lamina pro- 
pria. As regard CDS 1 , with exception of L. plantarmn 
cytotoxic T cells were not stimulated. The values were 
disminished in almost all the LAB assayed (Table 3). 
This fact, is possitive for the host in order to avoid the 
cytotoxic immune response. In the case of L. plantarum, 
the necrosis observed for 7 d may be due to an increase 
in the cytotoxic mechanisms. 

When we determined the immune cells involved in 
the inflammatory immune response we observed an in- 
crease in the number of macrophages, neutrophils and 
eosinophils for the most of the LAB under study (Table 
4). These observations would mean an enhance in the 
inflammatory immune response, which can modify the 
histological structure of the small intestine (Fig. I ). The 
increase in the inflammatory cells can also affect the 
intestinal permeability through the release of substances 
biologically active as cytokines, produced by cells 
present in the lamina propria such as PMN, eosinophils 
orThl lymphocytes (Stallmach <?/ a/., 1988). Macroph- 
ages augmentation would be a possitive fact consider- 
ing the multiple functions of this cell in the host defense 
such as phagocytosis of opportunistic, non-pathogenic 
and pathogenic microorganisms that cross the intesti- 
nal barrier to the lamina propria of the gut, where they 
are phagocyted and killed after phagocytosis (Wells et 
al. 9 1988a). We believe that the induction of an inflam- 
matory immune response could favour the uptake of 
bacteria (translocation of normal microflora) or other 
antigens present in the intestinal lumen (Wells et al. 9 
1 988b). The correlation between inflammatory response 
and bacterial translocation has been demonstrated in 
acute inflammation caused by Shigella infection 
(Zychlinsky eta]., 1996). 

However, it is well demonstrated the role of the 
mucus layer, which is produced mainly by globet cells 
after inflammatory stimulus. Mucus is not digested be- 
cause of its resistance to various enzymes and can pro- 
tect epithelium against the adherence of pathogens. 
Mucus secretion can be triggered by direct stimulation 
of immune complexes and chemical agents and by in- 
direct stimulation by mediator release, such as hista- 
mine and lymphokines (Snyder and Walker, 1987). 

The effect of various cytokines and growth factors 
released by immune cells associated to intestinal mu- 
cosal, depending of the dose may serve as important 
modulators of epithelial cell function. Dignass and 
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Poclalsky ( 1 993) demonstrated that some cytokines such 
us Transforming Growth Factor (TGF(3), cytokines such 
as ILl(i, IFNy, TNFot and some prostaglandins (PGF) 
enhanced epithelial cell restitution and they play an 
important role in sustaining normal mucosal. 

The I EL which are CD8 ' cells play an important role 
as protective barrier against infections specially those with 
T cell receptor (TCR) 7/6 chains (De Libcro, 1 997). Al- 
though. we did not determine TCR of IEL some LAB, 
even when they increased the number of these immune 
cells associated with the intestine, not all were IEL, we 
demonstrated the presence of mast cell associated to the 
gut epithelium. The biological significance of these cells 
in our experimental model must be determined. 

According our results, to assure that certain LAB 
are able to exert a beneficial effect on the gut, we think 
that would be important to determiners a bearing pa- 
rameter, if the strain assayed is or not able to induce a 
high inflammatory stimulus to avoid side effects. The 
inflammatory stimulus could be diminished by decreas- 
ing of the daily dose of LAB to be administered, im- 
proving the mucosal immunity. As was explained be- 
fore, a low inflammatory immune response induces 
beneficial effect in the host. It is also known that an 
increase in the non specific immune response mediated 
by PMN would be important by the participation of these 
cells populations as the first line in the host defense 
against enteric infections as has been just described 
(Kagnoffand Eckmann, 1997). 

To the light of our results, although the LAB as- 
sayed (L. casei, L. acidophilus, L. rhamnosus % L. 
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plantanun, L. cfelhrueckii ssp. bulgaricus, S. thermo- 
philus, Lac. lactix) increased the number of IgA im- 
mune cells associated to gut, depending of the dose as- 
sayed -some of them could induce an enhance in the 
inflammatory response. The different mucosal immune 
responses observed, might be due to the different way 
by which the LAB interact with the small intestine. This 
last speculation is based in previous reports (Walker and 
Sanderson, 1995; Weiner, 1 997) related to the different 
ways by which an antigen can interact with the immune 
cells associated to the gut. 

Futher studies for in vivo cytokines determination 
are needed to determine if the CD4 + T cells detected are 
Th 1 orTh2 type, or if the LAB stimulation enhance the 
release of proin flammatory cytokines such asTNF a or 
IFN y 3 thus increasing the inflammatory response. 

We determined the importance in the selection of 
LAB and the dose to be administered exerting a benefi- 
cial effect on the intestine. We also demonstrated that 
the immunostimulatory capacity of the LAB can not be 
generalyzed to genus or specie. This property would be 
restricted to the strain assayed, and not all of the LAB 
could be use to enhance the intestinal immuntiy. 
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ABSTRACT 

The induction of a mucosal immune response is not 
easy due to the development of oral tolerance, but 
under some conditions, bacteria can activate this im- 
mune system. Antigens administered orally can inter- 
act with M cells of Peyer's patches or bind to the 
epithelial cells. We have demonstrated that certain 
lactic . acid bacteria are able to induce specific secre- 
tory immunity, and others will enhance the gut in- 
flammatory immune response. The aim of this work 
was to establish the reason for these different be- 
haviors and to define possible mechanisms involved 
in the interaction of lactic acid bacteria at the intesti- 
nal level. We studied IgA* and IgM+ B cells compara- 
tively in bronchus and intestine and CD4+ T cells and 
IgA anti-lactic acid bacteria antibodies in the intesti- 
nal fluid, induced by oral administration of Lac- 
tobacillus easel, Lb. delbrueckii ssp. . bulgaricus, Lb. 
acidophilus, Lb. plantarum, Lb. rliamnosus, Lactococ- 
cus lactis, and Streptococcus salivarius ssp. ther- 
mophilus. The increase in the IgA + B cells in the 
bronchus means that these lactic acid bacteria were 
able to induce the IgA cycle by interaction with M 
cells from Peyer's patches or intestinal epithelial 
cells. The. IgM + cells increased when the stimulus did 
not induce the switch from IgM + to IgA + . The increase 
in the CD4+ cells suggests interaction of Peyer's 
patche3 and enhancement of the B- and T-cell migra- 
tion. The anti-lactic acid bacteria antibody is related 
to the processing and presentation of the microorgan- 
isms to the immune cells. We demonstrated that Lb. 
casei and Lb. plantarum were able to interact with 
Peyer's patch cells and showed an increase in IgA+, 
CD4+ cells, and antibodies specific for the stimulating 
strain. Lactobacillus acidophilus induced gut mucosal 
activation by interaction with the epithelial cells 
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without increase in the immune cells associated with 
the bronchus. Although Lb. rhamnosus and Strep, 
salivarius ssp. thermophilus interact with epithelial 
cells, they also induced an immune response against 
their epitopes. Lactococcus lactis and Lb. delbrueckii 
ssp. bulgaricus induced an increase of IgA + cells en- 
tering the IgA cycle but not CD4 + cells; thus, these 
bacteria would have been bound to epithelial cells 
that activated B lymphocytes without processing and 
presenting of their epitopes. We did not determine 
specific antibodies against Lc. lactis or Lb. bulgaricus. 
(Key words: lactic acid bacteria, intestinal interac- 
tions, immunomodulation) 

Abbreviation key: FITC = fluorescein 
isothiocyanate conjugated, GALT = gut associated 
lymphoid tissue, LAB = lactic acid bacteria. 

INTRODUCTION 

The intestinal mucosa is the first line in host 
defense, and it is exposed to a great number of anti- 
gens, many of which are innocuous, while others are 
potentially harmful. The induction of the immune 
response at the intestinal level is not always easy. 
The mechanisms governing immune responsiveness 
and unresponsiveness in the intestine are not well 
understood. Orally administered antigens interact 
with the gut associated lymphoid tissue (GALT), 
which is a well developed immune network that is not 
only involved in protection of the host from pathogens 
but also in preventing the host from reacting to in- 
gested protein. Thus, orally administered proteins 
often induce systemic hyporesponsiveness to the fed 
proteins; this mechanism is called oral tolerance (6). 
The maintenance of this process depends on the 
amount of antigen ingested. Although most dietary 
antigens are degraded, some intact or partially 
degraded antigens are absorbed into the systemic 
circulation. Oral tolerance can be abrogated and an 
immune response induced (4). This immune response 
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is mainly a humoral immune response mediated by 
IgA producing cells and secretory IgA, which consti- 
tute almost 80% of all antibodies produced in mucosal 
associated tissue (16, 18). These antibodies inhibit 
the microbial adherence and also prevent absorption 
of antigens from mucosal surfaces (14). Although all 
of the immune cells are present on the gut mucosa, 
the cytotoxic cellular immune response is limited by 
immunoregulatory mechanisms to avoid intestinal 
damage (24). 

Antigen uptake occurs through the specialized sys- 
tem represented by the M cells overlying Peyer's 
patches or across normal epithelium overlying the 
lamina propria (5, 11). 

Peyer's patches are the major inductive sites in the 
intestine in which the antigens have the potential to 
interact with all of the specialized cells that induce an 
active immune response between macrophage and 
dendritic cells (antigen-presenting cells) and T and B 
lymphocytes. The activation of the oral immune sys- 
tem is clearly associated with activation of T cells in 
the Peyer's patches. However, many T cells are 
present in the diffuse lymphoid system of the lamina 
propria. If the antigen crosses the normal epithelium, 
it has the potential to present and to activate lamina 
propria T cells and to induce an immune response. 

When the mucosal immune response is induced, 
primed T and B cells migrate through the lymphatic 
system and then enter the peripheral blood circula- 
tion via the thoracic duct. Extravasation of the im- 
mune cells occurs not only in the gut lamina propria 
but also in other mucosal sites such as respiratory 
tissues, urogenital tissues, and mammary and 
salivary glands. This migration is known as the IgA 
cycle (23), and its distribution from the gut to other 
mucosal sites has been described as the common sys- 
tem of mucosa (17). This concept implies that oral 
immune stimulation can induce immunity in mucosal 
sites remote from the gut. 

Much relevant literature (2, 7, 9) has demon- 
strated the importance both to human and animal 
health of the lactic acid bacteria (LAB) present in 
fermented foods and probiotic preparations. Some 
LAB can affect protective immunity against patho- 
gens and tumors and have the ability to increase the 
mucosal immune response (9, 10, 13, 15). 

In our laboratory, we have demonstrated the capac- 
ity of certain LAB to enhance both systemic and 

dose can influence the etfect achieved (i, 21, 22, Z/ j. 

Although much research has been done, the use of 
LAB for therapeutic purposes is still limited. The 
effect of LAB may be influenced by differences be- 
tween strains, model systems, or poor viability. Thus, 



it is very difficult to generalize from results of one 
experiment. 

Knowledge of the possible mechanisms by which 
LAB interact at the intestinal level and then stimu- 
late the immune cells could improve the use of these 
microorganisms as immunomodulator substances. 

The aim of this research was to study the effect of 
LAB on immune cells associated with the mucosa and 
other immune parameters to determine the possible 
site of interaction of these microorganisms with the 
small intestine. This knowledge could explain why 
not all of the LAB could stimulate the immune system 
in the same way. 

MATERIAL AND METHODS 

Microorganisms Used 

The bacterial strains used for the experiments 
were Lb. casei CRL 431, Lb. acidophilus CRL 924, Lb. 
plant arum CRL 936, Lb. delbrueckii ssp. bulgaricus 
CRL 423, Lb. rhamnosus CRL 74, Lc. lactis CRL 526, 
and Strep, salivarius ssp. thermophilus CRL 412 from 
the Centro de Referencias para Lactobacilos 
(CERELA, Tucumah, Argentina) culture collection. 
Lactobacillus casei, Lb. acidophilus, Lb. rhamnosus, 
and Lb. plantarum were cultured for 8 h at 37°C in 
MRS broth (Oxoid Ltd., Hampshire, England); Strep, 
thermophilus and Lc. lactis were cultured 8 h at 37°C 
and 30°C. respectively, in LAPTg broth. All bacteria 
were harvested by centrifugation at 5000 x g for 10 
min and were washed three times with sterile saline 
solution. 

Animals and Feeding Procedure 

The BALB/c mice weighing 25 to 30 g were ob- 
tained from the random-bred colony kept in our 
department at the Institute of Microbiology. Each 
experimental group consisted of 5 to 6 mice. 

Each culture of LAB was suspended in 5 ml of 
sterile nonfat milk and was administered at 20% (vol/ 
vol) in the drinking water to different groups of mice 
for 2, 5, or 7 consecutive d at a dose of 10 9 cells/d per 
mouse. The control group received sterile milk in the 
drinking water given under the same conditions as for 
the test group. 

All of the mice were fed ad libitum with a conven- 

y'.. 1 l v f - .... T \ A\^4. 

Tissue Sections 

At the end of each feeding period with the different 
LAB, mice were anesthetized and slaughtered, and 
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the small intestine and the lower respiratory tract 
were removed. Tissues were placed in ethanol and 
were processed by the technique of Saint Marie (25). 
Tissues were fixed, dehydrated, and embedded in 
paraffin at 56°C. From each tissue, 4-fim serial 
paraffin sections were cut. 

Immunofluorescence Test 

The IgA, IgM-secreting cells, and CD4 + lympho- 
cytes were determined on histological slices from the 
gut and bronchus. 

Direct immunofluorescence was performed using 
the respective monospecific antibodies (a- or ^t-chain 
specific) conjugated with fluorescein isothiocyanate 
(FITC) (Sigma Chemical Co., St. Louis, MO) or 
FITC-conjugated monoclonal antibodies specific for 
CD4+ lymphocytes (Gibco BRD Life Technologies, 
Neutroquimica, Argentina). 

Negative controls were run using the respective 
unlabelled antibodies before incubation with FITC- 
conjugated antibodies. 

. Results were expressed as the mean of the number 
of positive cells per 10 fields of light microscope 
(lOOx). 

Anti-LAB Antibodies and ELISA Test 

The anti-LAB antibodies present in intestinal fluid 
were measured by ELISA. Assays were performed at 
the end of each feeding period and for each LAB that 
was assayed. 

The procedures used for collection of intestinal 
fluid and ELISA were as described previously by Al- 
varez et al. ( 1 ) and used goat anti-mouse IgA ( en- 
chain specific conjugated peroxidase; Sigma Chemical 
Co.). Absorbance was measured at 493 hm. 

Control values were those obtained from intestinal 
fluid of untreated mice for each LAB under study. 

Statistical Analysis 

The number of different immune cells measured 
were determined as arithmetic means of the values 
obtained from (n = 5 to 6) determinations expressed 
for each surface marker. Statistical comparisons were 
conducted using Students test. 

RESULTS 

Determination of the Number 
of IgM* Cells in GALT 

The number of IgM + B cells was measured because 
their importance is second only to that of IgA in 
protection of mucosal surfaces. 



We observed that only Lc. lactis, Lb. acidophilus, 
and Lb. plantarum were able to increase the number 
of IgM-secreting cells in the lamina propria of the 
small intestine for different periods of administration: 
2, 5, and 7 d, respectively (see Figure 1). 

Study of IgA Producing CeMs on GALT 

Oral administration of all LAB strains studied in- 
creased the number of IgA cells in the lamina propria. 
The effect was dose dependent. The most remarkable 
effect was obtained with Lb. casei, Lb. plantarum, Lb. 
delbrueckii ssp. bulgaricus, and Strep, salivarius ssp. 
thermophilus (see Figure 2). We also observed a 
significant decrease (P< 0.01) when Lb. plantarum 
was administered for 5 d. 

Effect of LAB on CD4+T Cells 

The CD4+ T cells are important in the induction of 
specific immune responses, and they participate in 
the switch from IgM to IgA. 

We demonstrated that only Lb. casei and Lb. plan- 
tarum were able to increase CD4+ T cells in the 
lamina propria of the small intestine. The effect was 
dose dependent. 

The values obtained with other LAB were similar 
to those of controls with exceptions for Lb. rhamnosus 
at 2, 5, and 7 d and for Lc. lactis at 7 d, for which we 
observed a significant decrease (P < 0.01) in the 
number of CD4 + cells. These results are in Figure 3. 




l**t*tnvWvx IJtctohotilta* StripftH*tcwi fjactoherilltn . 

mlhcrUt up. plantarum 
then* of hi! *i 



Figure 1. Effect or oral administration of different LAB on the 
number of igM cells present in lamina propria of the small intes- 
tine tissue. The IgM B cells were measured by an immunofluores- 
cence test using ^i-chain monospecific antibody after 2. 5. or 7 d of 
feeding with each lactic acid bacteria assayed. The bars indicate 
arithmetic means (±SD) of the number of cells in 10 fields (lOOx) 
expressing the marker. **P < 0.01. 
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Figure Z. Effect of oral administration of different lactic acid 
bacteria on the number of IgA + B cells. They were measured by an 
immunofluorescence test using monospecific antibody after 2. 5, or 
7 d of feeding with each , lactic acid bacteria assayed. The bars 
indicate arithmetic means (±SD) of the number of cells in 10 fields 
(lOOx) expressing the marker. *P < 0.05. **P < 0.01. 
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Figure 3. Effect of oral administration of different lactic acid 
bacteria on the number of CD4+ T cells. They were measured by an 
immunofluorescence test using CD4 monoclonal antibody after 2, 5, 
or 7 d of feeding with each lactic acid bacteria assayed. The bars 
Indicate arithmetic means (±SD) of the number of cells in 10 fields 
(lOOx) expressing the marker. *P < 0.05. **P< 0.01. 



Determination of the IgA B Cells 
Associated with Bronchus Tissue 

We studied the IgA-secreting cells associated with 
bronchus associated lymphoid tissue as a measure of 
cellular migration. Oral antigen stimulation can in- 
duce IgA B cells present in the gut to enter to the IgA 
cycle and to increase the number of these cells in sites 
distant from the intestine (such as bronchus) under 
the concept of common system of mucosa. 

We observed that all of the LAB assayed, with the 
exception of Lb. acidophilus, were able to increase the 
number of IgAt cells in bronchus. This effect was dose 
dependent. These results are shown in Figure 4. 

Study of the Anti-LAB Antibodies 

This assay was performed to determine whether 
the LAB as antigens were degraded and presented to 
the immune cells to induce antibody production 
against their epitopes. Antigen degradation may be in 
the Peyer's patches or in the epithelial cell. We deter- 
mined that only Lb. casei, Lb. rhamnosus, Strep, 
salivarius ssp. thermophilus, and Lb. plan tar um were 
able to induce antibody production (see Table 1). 

DISCUSSION 

In the induction of the gut immune response, the 
increase in the number of IgA producing cells is due 



cytes without activation of Th2 lymphocytes. Only 
stimulation by Lc. Jactis (2d), Lb. acidophilus (2 and 
5 d), and Lb. plantarum (2 and 7 d) (Figure 1) led 
to an increase in the number of IgM+ cells in the 
lamina propria. 

To have good stimulation of intestinal mucosa, the 
number of IgA* 4 " B lymphocytes must be only slightly 
higher than in the normal control (3). High numbers 
of IgA + cells could have harmful effects on the host 
and favor an increase in intestinal permeability, 
which occurs with coeliac disease (26). When we 
determined the number of IgA + cells present in the 
small intestine, we saw different patterns between 
the LAB assayed for the different periods of adminis- 



patches to igA r fci ceiis unaer the muuence ui 
cytokines released by CD4 + T-helper lymphocytes 
type 2 (Th2) (12, 19). An increase in the number of 
IgM + cells in lamina propria would mean that the 
stimulus was only able to mobilize these B lympho- 




•eidophiiux tejti dMrueckii 



bacteria on the number of IgA cells associated the bronchus as- 
sociated lymphoid tissue. IgA + B cells were measured by an im- 
munofluorescence test using monospecific antibody after 2, 5, or 7 d 
of feeding with each lactic acid bacteria assayed. The bars indicate 
arithmetic means (±SD) of the number of cells in 10 fields (lOOx) 
expressing the marker. *P < 0.05. **P < 0.01. 
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TABLE 1. Determination of antibodies for anti-lactic acid bacteria (LAB) by ELISA. 1 



LAB administration 



(absofbance at 493 nm) 



Microorganisms 




Control 


2 


d 


5 


d 










X 


SD 


X . 


SD 


X 


SD 


X 


SD 


Lactobacillus casei 




0.083 


0.042 


0.274*' 


►0.022 


0.342** 


0.053 


0.352* 


* 0.028 


Lactobacillus rhamnosus 




0.167 


0.031 


0.226 


0.057 


0.476** 


0.019 


0.362* 


* 0.025 


Streptococcus salivarius ssp. 


thermophilus 


0.163 


0.027 


0.285* 


0.035 


0.252* 


0.010 


0,132 


0.051 


Lactobacillus delbrueckii ssp. 


bulgaricus 


0.124 


0.018 


0.143 


0.030 


0.147 


0.051 


0.151 


0.042 


Lactobacillus acidophilus 


.0.382 


0.048 


0.369 


0.063 


0.402 


0.055 


0.394 


0.065 


Lactobacillus plantarum 




0.148 


0.010 


0.280*' 


* 0.032 


0.193 


0.060 


0.207* 


0.028 


Lactococcus 1 act is 




0.095 


0.018 


0.156 


0.033 


0.150 


0.040 


0.086 


0.037 



l The mice (n = 5) were fed with different LAB for 2. 5. or 7 consecutive d. At the end of each feeding period, they were slaughtered, and 
the intestinal fluid was recovered to perform an ELISA test. Control mice were without treatment. 

*P<0.05. ' 
**P < 0.01. 



tratipn (Figure 2), which suggested that the dose 
administered could affect the results. The great 
decrease in the IgA+ cells observed for d 5 of Lb. 
plantarum may be due to a down regulation process 
to avoid an increase in the inflammatory immune 
response. When we analyzed the number of IgA + cells 
on bronchus tissue, we observed that Lb. casei. Lb. 
plantarum, Strep, salivarius ssp. thermophilus. Lb. 
rhamnosus, Lb. delbrueckii ssp. bulgaricus, and Lc. 
lactis were able to increase the number of IgA + B 
lymphocytes in bronchus (Figure 4). This effect was 
also dose dependent. The increase in IgA + cells in 
GALT and bronchus associated lymphoid tissue sug- 
gest that cellular migration was taking place. 

Antigen-presenting cells from the Peyer's patches 
or lamina propria of the small intestine may induce 
an antigen specific proliferative response of T cells 
(20) . However, T cells and IgA + B cells can leave the 
Peyer's patches following antigen stimulation and in- 
crease the number of T cells in the lamina propria. If 
the antigen Interaction is with epithelial cells, CD4 + 
T cells can be activated to stimulate other immune 
cells through the release of cytokines, but they are not 
able to migrate to sites distant from the intestine 
(20). Clear differences were noted in the profile of 
cytokines when T cells were stimulated in lamina 
propria. The presentation of antigen by cells from the 
lamina propria would lead to a lack of conventional 
activation arid differentiation (29). 

When we studied the number of CD4+ T cells, we 
observed that most of the LAB assayed were not able 
to increase this population with exception of Lb. casei 
and Lb. plantarum for some periods of administra- 
tion. On the contrary, the most frequent effect ob- 
served was a decrease in the number of these cells 
especially for Lb. rhamnosus and Lc. lactis (Figure 



3) . We do not think that these LAB are able to induce 
selectively a suppression of immune response. We 
believe that the decrease observed could be related to 
the interaction of these LAB with the intestinal 
epithelial cells and to the levels of cytokine released, 
which would not be enough to induce clonal expansion 
of the T cells present in lamina propria. The CD4 + 
increase in the lamina propria means not only cellu- 
lar migration but also interaction of LAB with M cells 
of the Peyer's patches. This fact would mean that only 
Lb. casei and Lb. plantarum could induce an effective 
stimulation from Peyer's patches of the immune cells 
associated with the gut. The diminution of these cells 
might also be due to the mechanisms of oral toler- 
ance, which can be mediated by deletion, anergy* or 
active cellular suppression for which the determining 
factor is the dose of antigen fed. Low doses favor 
active suppression, whereas high doses favor deletion 
and anergy (28). 

When we determined whether the LAB were 
processed as antigens and whether they induced an 
immune response against their own epitopes, we de- 
tected antibodies against LAB for Lb. casei. Lb. plan- 
tarum, Lb. rhamnosus, and Strep, salivarius ssp. ther- 
mophilus, which indicated that these LAB were 
degraded and presented to the immune cells (Table 

We postulated the following hypothesis, taking into 
account results obtained for number of IgA+ and 
CD4+ cells and antibodies against LAB, about the 
way in which the different LAB can interact with the 
small intestine. If LAB induce an increase in the 
number of IgA+ cells in gut and bronchus, on the 
CD4 + T cells, and in the immune response against 
their epitopes, the interaction could have been 
through M cells at the Peyer's patches such as was 
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observed using Lb. easel and Lb. plantarum. When we 
observed increases in IgA + cells in the gut and bron- 
chus, but no increase in the CD4 + T cells, the interac- 
tion would have been on the intestinal epithelium 
cells independent of whether or not the LAB were 
processed as antigen/ The IgA cycle may also be in- 
creased by mobilization of the IgA + cells present in 
the mesenteric lymph node (28) , which we observed 
with Lb. rhamnosus and Strep, salivarius ssp. ther- 
mophilus, which were processed and presented as 
antigen. Lactobacillus delbrueckii ssp. bulgaricus and 
Lc. lactis could interact at epithelial level without 
processing these microorganisms but increasing the 
IgA cycle. 

We believe that Lb. acidophilus has only a local 
effect on the gut when interacting with the epithelial 
cells. It was unable to induce the IgA + cycle or to 
increase the number of CD4+ T cells. The effect in- 
duced would be exerted only by the cytokines released 
by the stimulation of the epithelial cells. 

In this report we demonstrated that LAB can inter- 
act at different levels in the small intestine. These 
interactions could explain why the mucosal im- 
munostimulation by LAB is not the same for all bac- 
terial LAB species. 
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Intestinal Immune Response to Oral Administration of 
Lactobacillus reuteri R2LC, Lactobacillus plantarum 
DSM 9843, Pectin and Oatbase on Methotrexate- 
induced Enterocolitis in Rats 
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Dietary administration of lactobacilli and certain fibres significantly reduced the severity of methotrexate-induced 
enterocolitis in rats by improving intestinal mucosal structure, reversing microbiota disruption, possibly also 
influencing intestinal mucosal immunity. The purpose or this study was to evaluate the effects of two Lactobacillus 
strains and fibres, which have been proven to be erfective in enterocolitis of rats, on gut immune response. All rats 
received continuous intragastric infusion of an elemental diet with or without supplementation of pectin, oatbase, 
and Lactobacillus reuteri R2LC or Lactobacillus plantarum DSM 9843 from the beginning of the study via a 
gastrostomy. The control group rats had normal chow throughout the study. On day three, animals received 
intraperitoneal. injections of either methotrexate, 20 mg/kg, or normal saline, and the sampling was done on day six. 
Administration of methotrexate significantly diminished intestinal secretory IgA level and gut lamina propria 
CD4/CD8 lymphocyte counts. The addition of L. reuteri R2LC, and L. plant mum DSM 9843, but not of pectin and 
oatbase, significantly increased the ileal and colonic secretory IgA level, both in soluble and insoluble fractions, and 
elevated CD4 and CD8 numbers compared with control enterocolitis rats. The enhancement of gut immune function 
by lactobacilli administration may be one of the important processes through which certain strains of lactobacilli 
facilitated the recovery from enterocolitis. 

KEY words: intestinal immunity; enterocolitis; Lactobacillus reuteri; Lactobacillus plantarum; pectin; oat. 



INTRODUCTION 

The gastrointestinal tract, traditionally viewed as 
an organ of digestion and absorption of nutrients, 
has been recognised as one of the largest immune 
organs in the body, which not only provides indis- 
pensable immune function against its own resident 
microbiota, but in addition provides significant 
effective immune function to distant sites such as 
the liver, -breast, lung etc. 3 It is known that the 
intestinal immune response plays a crucial role in 
protecting the host from invasion of pathogens. 22 
Central to it is the production and expression of 
secretory IgA (slgA), the most abundant immuno- 
globulin in external secretions. Data from humans 
and animals clearly demonstrate an association 
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Lund, Sweden. 
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between IgA deficiency and impairment of intesti- 
nal barrier function. 1,1 R In certain circumstances, 
such as severe damage of intestinal mucosa, im- 
proper nourishment of the gut and significant 
alteration of the intestinal microecology, the gut 
immune system may be partially destroyed. 1 

In recent years, increased emphasis has been 
placed on the study of the therapeutic effects of 
lactobacilli on various human and animal gastro- 
intestinal disorders. 21 It is known that the presence 
of lactobacilli in fermented food products is im- 
portant not only because of their nutritional value, 
but also because certain strains of lactobacilli have 
immunopotentiating properties. 25 Perdigon and 
Sato have shown that administration of certain 
strains of L. casei and L. acidophilic augmented 
cellular functions of both liver and peritoneal 
macrophages, 21,25 and increased the sI^A produc- 
tion secreted into the intestinal lumen." 2 
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Previous studies 9,15 have indicated that admin- 
istration of methotrexate (MTX) to rats induces 
a severe enterocolitis with bacteraemia and endo- 
toxaemia. It has also been demonstrated that 
dietary supplementation of certain fibres, such as 
pectin and oatbase, or L. plantarum and L. reuteri 
species dramatically attenuated the intestinal 
injury, decreased the bacteraemia and endotox- 
aemia. Possible mechanisms include improvement 
of intestinal mucosal structure, physical barrier 
function and reversal of the intestinal microbiota 
disruption. 15,16 However, it is not known if the 
intestinal immune response is also involved in the 
mechanisms by which MTX adversely affects 
the host animals, and the two tested Lactobacillus 
strains and fibres facilitate the recovery of the 
enterocolitis. 

The purpose of the present study was to examine 
the response of luminal slgA level and lamina 
propria T-helper/T-suppressor lymphocyte counts, 
both in the small bowel and colon, to MTX 
injection, and oral administration of fibre free 
elemental diet, pectin, oatbase, L. reuteri R2LC, 
and L. plantarum DSM 9843 in rats with MTX- 
induced enterocolitis. 

MATERIALS AND METHODS 
Chemicals 

Fibre free elemental diet (ED) was purchased 
from Nutricia Nordica AB (Solna, Sweden); 
methotrexate sodium salt was from Lederle 
Arzneimittel (Wolfratshausen, Germany); citrus 
pectin, peroxidase conjugated anti^mouse IgG and 
anti-goat IgG were obtained from Sigma Chemical 
Co. (St Louis, MO, USA); Goat anti-rat slgA [H 
ch+sec pc] was purchased from ICN (Costa Mesa, 
CA, USA), and monoclonal antibodies to T helper 
cells and T suppressor cells from Cedarlane Lab 
Ltd (Ontario, Canada); Oatbase and L. reuteri 
R2LC, L. plantarum DSM 9843 in fermented oat- 
base were prepared and provided by the Depart- 
ment of Food Technology, Lund University, 

Animals 

Forty-two male, Sprague-Dawley rats (Molleg&rd, 
Viby, Denmark), weighing 200-250 g were housed 

propiiagy. ihey were acclimatised tor 3 d. at a 
constant temperature with 12 h periods of dark 
and light cycles and allowed ad libitum intake of 
standard rat chow (R3, Lactamin AB, Stockholm) 



and water. Three days before experiment, all the 
animals were fed ED ad libitum in order to elimi- 
nate the effect of residual fibre on intestinal nutri- 
tion. On the day of experiment (day 0), 36 rats 
were weighed, and had placement of a gastrostomy 
under ether anaesthesia fixed with a swivel appa- 
ratus to allow long-term infusion. The animals 
received intragastric infusions (2*0 ml/h) of normal 
saline overnight postoperatively and were ran- 
domised into six different groups with different 
diets on day 1 (Table 1). The remaining six rats 
had sham operations (insertion of a gastrostomy 
tube with other end blocked under the skin) and 
free access to food (Chow group). All animals 
received the assigned diet in isocaloric and iso- 
nitrogenous amounts. The experimental design 
was approved by the Animal Ethics Committee 
of Lund University and adhered to the Guiding 
Principles in the Care and Use of Animals. 

Harvesting of specimens 

Rats were sacrificed by an overdose of ether, and 
a midline incision was made. The small intestine 
from the ligament of Treitz to the ileocecal valve 
and whole colon were excised and freed of 
their mesenteric fat. The small intestine was then 
divided in half (into jejunum and ileum). The 
contents of excised ileum and colon were washed 
out (containing soluble fraction of slgA) with 5 ml 
of chilled phosphate-buffered saline (PBS, pH 7-2) 
according to the method of Spaeth et air 1 with 
modification. The contents were then centrifuged 
at 3000 g for 20 min at 4°C, the supernatants were 
filtered using 0-2 |im filters (Sartorius Filtration 
AB, Sundbyberg, Sweden), and stored at — 70°C 
for slgA assay. The ileum and colon were opened 
longitudinally and the mucosa including the 
mucous gel were scraped off (containing insoluble 
fraction of slgA) with a glass slide and homo- 
genised with 5 ml chilled PBS in a blender at 
30 000 r.p.m. for 30 s. The homogenates were cen- 
trifuged at 3000 g for 20 min. After the filtration as 
above, the supernatants were stored at — 70°C for 
slgA measurement. The lengths of the ileum and 
colon were recorded under a fixed tension. 

Portions of distal ileum and colon were excised 
for determination of gut lamina propria T-helper 
(CD4) and T-suppressor (CD8) lymphocytes. 

Histopatholdgical study 

Five millimeter samples of distal ileum and 
proximal colon were obtained and placed in 



LACTOBACILLI AND MUCOSAL IMMUNITY 263 



Table 1. Experimental design 





Experimental procedure 


Groups 


Day 0 


Day 1-2 


Day 3 


Day 4-5 


Day 6 


1. Chow (>i = 6) 


Sham operation, 

Free access to chow 
and water 
postoperatively 


Free access to rat chow and 
water 


i.p, injection 
of 2 ml 
normal 
saline 






2. ED (n — 6) 




Continuous intragastric 
infusion (2-5 ral/h) of ED base 
(240kcal/kg and 1-28 g 
nitrogen/kg/day), plus 
additional 2-1 ml ED/rat/day 
for intra-groups energy 
balance 






3. MTX (/i=6) 




Same intragastric infusion as 
group 2 








4. Pectin (n = 6) 


Gastrostomy, 
intragastric infusion 
of normal saline over 
night postoperatively 
(2 0 ml/h) 


Same intragastric infusion as 
group 2, with supplementation 
of 1% Pectin 




Same diet 
or infusion 
as day 1-2 


Sacrificed 
for sampling 


5. Oat (n=6) 


Continuous intragastric 
infusion of ED base as group 
2, plus 4 ml oatbase/rat/day 


i.p. injection 






6. R2LC (n = 6) 




Continuous intragastric 
infusion of ED base as group 
2, plus 4 ml of L. reuteri 
R2LC in fermented 
oatbase/rat/day 


of MTX, 
20 mg/kg 






7. DSM (n = 6) 




Continuous intragastric 
infusion of ED base as group 
2, plus 4 ml of L. plantar um. 
DSM 9843 in fermented 
oatbase/rat/day 









ED, elemental diet; i.p. injection, intraperitoneal injection; MTX, methotrexate. 



phosphate buffered 4 per cent formadehyde. 
Paraffin-embedded samples were cut and 
studied under light microscopy after staining with 
haematoxylin and eosin. At least three sections 
were studied from each specimen in a blind 
fashion. 



Intestinal slgA assay 

SlgA was measured using the quantitative 
enzyme-linked immunosorbent assay (ELISA), 
with purified rat bile slgA 12 as a standard, and 
goat anti-rat slgA as a primary antibody. The 
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Figure I. Different levels of soluble fraction of secretory IgA in ileal and colonic washing 
from all groups. Samples were taken 72 h after intraperitoneal (i.p.) injections of either 
methotrexate (MTX, 20 mg/kg) or saline. Values ate expressed as means ± SE. Chow and 
ED, groups of rats fed either chow or elemental diet, had i.p. injection of saline. MTX, a 
group of rats fed elemental diet, had i.p. injection of MTX. Pectin, Oat, R.2LC, DSM, 
groups of rats fed elemental diet with supplementation of pectin, oatmeal, L. reuteri 
R2LC, and L. plant mum DSM 9843, and had i.p. injection of MTX. +P<QQ5 vs. Chow. 
**/>< 0-001 vs. Chow and ED, *P<000\ vs. Chow, ED, Pectin, and Oat; P<0.0\ vs. 
MTX. * + P<00l vs. Chow, MTX, and Pectin; /><005 vs. ED; / > <0001 vs. Oat. 
fP<O00l vs. Chow, ED, MTX, Pectin, and Oat. }$P<00l vs. Chow, ED, and Pectin; 
P<0-001 vs. MTX and Oat 



reaction was developed with further incubation of 
peroxidase conjugated anti-goat IgG. Absorbance 
was measured at 450 nm. The soluble slgA frac- 
tion was measured in the intestinal washing and 
the insoluble fraction was determined in the mu- 
cosal homogenate. Both fractions were expressed 
per length of the respective intestinal segment. 

I mmunoper oxidase staining and counting of gut 
lamina propria lymphocytes 

The sections of distal ileum and proximal colon 
were assessed by the direct immunoperoxidase 
technique to prevent excessive background stain- 
ing. 8 These sections were deparaffinised by xylene 
treatment and progressive rehydration in decreas- 
ing concentrations of alcohol (100-96 per cent). 
Tissue sections were immersed in a hydrogen per- 

peroxiaase activity, for iu rrun. 

Anti-rat T helper cell and T suppressor cell 
monoclonal antibodies (1:1000) were used and 
each slide was coated, incubated for 1 h, and 



rinsed with PBS for 15 min to eliminate unbound 
antibody. These slides were further incubated with 
peroxidase, conjugated anti-mouse IgG for 30 min 
and treated with a substrate solution for 5 min, 
The numbers of CD4 and CD8 lymphocytes in the 
Lamina propria were counted under a light micro- 
scope. At least five fields were reviewed per slide. 

Statistical analysis 

Data are presented as the mean ± SE. Secretory 
IgA levels and CD4, CD8 lymphocyte counts 
between groups were analysed using Student's 
/-test. Statistical significance was considered when 
P was less than 0 05. 



RESULTS 

^it^ in, ?J| t H t ^yvr\^^•^~r: onrtppi-p^l ci fTr\inVantK f 

less ariecieu oy ciiaiTiioea anu lethargy compdi^d 
with those in the MTX group. All animals, except 
Chow group rats (12-5 ± 0-4 per cent body weight 
increase) lost weight during the study period. The 
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Figure 2. Different levels of insoluble fraction of secretory IgA in ileal and colonic 
mucosa homogenate from al) groups. Samples were taken 72 h after i.p. injections of 
either MTX (20 mg/kg) or saJine. Values are expressed as means ± SE. Chow and ED, 
groups of rats fed either chow or elemental diet, had i.p, injection of saline. MTX, a 
group of rats fed elemental diet, had i.p. injection of MTX. Pectin, Oat, R2LC, DSM, 
groups of rats Fed elemental diet with supplementation of pectin, oatmeal, L. rculcri 
R2LC, and L. plantarum DSM 9843, and had i.p; injection of MTX. */ , <0 05 vs. Chow. 
**/><0-001 vs. Chow and ED. + P<0001 vs. Chow and Oat; P<0.0\ vs. ED, MTX, and 
Pectin. + + / , <0 01 v.v. Chow and Oat; P<0 05 vs. ED; P<000\ vs. MTX and Pectin. 
t/ J <0 01 vs. Chow, MTX, and Oat. f <005 vs. ED; P<0001 vs. Pectin. %%P<0 0\ vs. 
Chow; P<005 vs. ED; /»<0001 vs. MTX, Pectin, and Oat 



two Lactobacillus treated groups (R2LC, 3-2 ± 0-3 
per cent decrease; DSM, 31 ± 0*6 per cent de- 
crease) and the ED group (3 0 ±0-1 per cent 
decrease) lost significantly less body weight and 
had better general conditions compared with the 
Pectin group (6 2 ± 0-4 per cent decrease) and 
Oat group (7-4 ±0-5 per cent decrease). MTX 
group rats lost the largest percentage of their body 
weight (1 1- 1 ± 0-5 per cent decrease) among all the 
experimental groups. 

On gross examination, the excised small and 
large intestines disclosed severe diffuse injury indi- 
cated by oedema and congestion without perfora- 
tion in MTX rats, and much milder changes in 
treatment group rats. Under microscopic examina- 
tion, MTX rats exhibited a significant loss of the 
mucosal villous tips along with severe inflam- 
mation and ulceration. In the enterocolitis rats 
treated with pectin, oatbase and the two strains of 
Lactobacillus, the mucosal histology was much 
improved. Intestinal samples from the Chow and 
ED groups had a normal and a slightly atrophic 
mucosal histology, respectively. 



Intestinal concentrations of soluble and in- 
soluble slgA between the study groups are summa- 
rised in Figures 1 and 2. Animals administered 
MTX without other treatment had a significant 
decrease in soluble and insoluble slgA both in the 
ileum and the colon compared with the Chow and 
ED group. The addition of oatbase and pectin 
to enterocolitis rats did not significantly alter the 
slgA levels in the ileum or colon, whereas sup- 
plementation of the two strains of lactobacilli to 
enterocolitis rats significantly increased the soluble 
and insoluble slgA levels in both ileum and 
colon. The slgA levels from the two Lactobacillus 
treated enterocolitis groups were, however, still 
lower than those of control rats in Chow and ED 
groups. No statistically significant difference in 
slgA level was found between the two Lactobacil- 
lus treatment groups (R2LC vs. DSM), or between 
the two fibre groups (Pectin vs. Oat). The animals 
fed ED in this study had significantly lower values 
in soluble and insoluble slgA in the ileum and 
colon compared with the animals fed normal rat 
chow. 
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Figure 3. Different T-helper (CD4+) lymphocyte cell counts in the intestinal lamina 
propria from different dietary group rats received i.p. injections of either MTX 
(20 mg/kg) or saline. Samples were taken 72 h after the injections. Values are expressed 
as means ± SE. Chow and ED, groups of rats fed either chow or elemental diet, had i.p. 
injection of saline. MTX, a group of rats fed elemental diet, had i.p. injection of MTX. 
Pectin, Oat, R2LC, DSM, groups of rats fed elemental diet with supplementation of 
pectin, Oatmeal, L. rcuteri R2LC, and L. ptantarum DSM 9843, and had i.p. injection of 
MTX, hpf, high power field. */><0001 vs. Chow and ED. *+P<0QS vs. Chow and ED; 
P<0-001 vs. MTX, Pectin and Oat. "*"/><0*00I vs. Chow and ED; / > <005 vs. MTX, 
Pectin, and Oat. * + P<001 vs. Chow and ED; P<0 05 vs. MTX, Pectin, and Oat. 
$P<0 00\ vs. Chow; P<0 01 vs. ED. X%P<0'05 vs. Chow and ED; P<0 01 vs. MTX and 
Pectin; P<0 001 vs. Oat 



Data from gut lamina propria T-helper/T- 
suppressor ceh (CD4/CD8) populations are sum- 
marised in Figure 3 and Figure 4. Animals injected 
with MTX showed significant decreases in CD4 
and CD8 populations from both ileum and colon. 
Administration of both L. reuteri R2LC and L. 
ptantarum DSM 9843, but not of pectin or oatbase, 
significantly elevated the counts of GD4 and CD8. 
No significant difference was found between the 
two Lactobacillus groups. Dietary administration 
of ED did not significantly reduce the lamina 
propria CD4 and CD8 numbers compared with 
Chow feeding group. 

DISCUSSION 

MTX to rats results in a significant impairment in 
intestinal immune function, which seems parallel 
to the severe damage in intestinal mucosal struc- 
ture and microecology in the same model seen in 



our previous study. 15 This result is consistent with 
other findings which have shown that total 
parenteral nutrition decreases the biliary slgA 
level, while it also impairs the bowel mucosa 
nutritional status. 1,2 The marked reduction in 
intestinal immunological parameters in this study 
might relate mainly to the significant mucosal 
damage from the MTX cytotoxicity. It has been 
proven that intestinal mucosal integrity is essential 
for the function of the gut-associated lymphatic 
tissue (GALT). The perturbation of any of the 
components of GALT may have serious effects on 
the entire mucosal immune system, 1 * 5 which is 
another area to be further investigated. Further- 
more, the decreased slgA could be related to the 
degradation of synthesised slgA by consequently 
% .t'-'>n --nr>T-oq<:o>^ r>ro f ** r *1ytic f, n?A ,,r|(ic (i e. IvsoFornnl 



enzymesj in tiic uucouiiai iiiau i^uiLui^ uum ti 
strong inflammatory response. 23 

Ingestion of fibre free elemental diet in this study 
also adversely influenced slgA level, but not T-cell 
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Figure 4. Different T-suppressor (CD8+) lymphocyte cell counts in the intestinal lamina 
propria from different dietary group rats received i.p. injections of either MTX 
(20 mg/kg) or saline. Samples were taken 72 h after the injections. Values are expressed 
as means ± SE. Chow and ED, groups of rats fed either Chow or elerhentul diet, had i.p. 
injection of saline. MTX, a group of rats fed elemental diet, had i.p. injection of MTX. 
Pectin, Oat. R2LC, DSM, groups of rats fed elemental diet with supplementation of 
pectin, oatmeal; L. rental R2LC, and L. phmfarum DSM 9843, and had i.p. injection of 
MTX, hpf, high power field. *P<0 001 vs. Chow; P<0 01 vs. ED. ♦♦P<0 001 vj. Chow 
and Pectin; ^<0 05 vs. ED, P<0-01 vj. MTX and Oat. + i > <0 00! vs. Chow and ED. 
+ + P<Q'Ql vs. Chow and Oat; i > <0 05 vs. ED; /><0 001 vs. MTX and Pectin. JP<0001 
vs. Chow and Oat; P<005 vs. ED; P<0 0l vs. MTX and Pectin. Jt^O-Ol vx . Chow, 
Pectin, and Oat; i><005 vs. ED; /><0001 vj. MTX 



populations. We know that the synthesis and 
expression of IgA in secretions appears to be 
sensitive to dietary alterations. 1 Under the con- 
ditions of intestinal energy and protein deficit seen 
in malnourishment and intestinal atrophy, the 
production of mucosal origin slgA can be signifi- 
cantly impaired. 4 It is apparent that if GALT 
undergoes hypoplasia by ingestion of an elemental 
diet in our model, the synthesis and expression of 
IgA in secretions may be impaired. 

The intestinal slgA, with one fraction (insoluble) 
accumulated the mucosal gel and the other (solu- 
ble) spread in the intestinal lumen, 13 - 27 is of par- 
ticular importance for its role as a primary defence 
line against bacterial invasion. 22,28 The reduction 
of intestinal slgA may impair the intestinal protec- 
tive system and allow the proliferation and over- 
growth of intestinal bacteria. These mechanisms, 
together with the physical disruption of the 
mucosal barrier in our model, may lead to bac- 
terial translocation and endotoxaemia observed in 
our previous investigations. 15,16 



It was indicated that supplementation of pectin 
and oat fibre resulted in a marked increase in 
intestinal mucosal mass and enhancement of 
mucosal structure in previous studies. 15,16 Theo- 
retically, this might help the maintenance of 
GALT. function and slgA production in rats with 
enterocolitis. The negative results in the present 
study may indicate that fibres could, in some 
stages, improve mucosal nutritional status, but are 
not able to sufficiently resume the GALT function, 
and maintain the intestinal slgA level in such a 
severe enterocolitis model. Furthermore, fibre may 
not be as efficient a local antigenic stimulus for 
generating secretory immune response as some 
other immunopotentiators. 

Recently, various studies have focused on cer- 
tain species of lactobacilli, mainly L. casei, L. 
acidophilus , and L. bulgaricus in their beneficial 
effects of enhancement in boti^ systemic and 
mucosal immunity in the host. 22 - 25 Very few 
studies have been carried but to examine the 
effects of L. plantarum and L. reuteri on intestinal 
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immunology. We chose these two Lactobacillus 
strains in the present study, because they have 
previously been shown in our laboratory to have 
high antagonistic capacities in different models, 716 
and superior intestinal colonisation abilities in 
rats 19 and humans. 11 

The enhancement of the immune response 
by administration of both tested Lactobacillus 
strains in this study may be due to many complex 
mechanisms, which could include substances 
produced by these organisms during the fermen- 
tation process (some metabolites, casein peptides, 
and bacterial enzymes). 21 It is known that casein 
and its peptide have beneficial effects on the 
GALT and the appearance of specific cell 
markers. 26 Certain bacteriolytic enzymes may re- 
lease absorbable fragments of peptidoglycan 
which subsequently enhance the local and sys- 
temic immune response. 20 Moreover, lactobacilli 
may play a role as oral antigenic stimuli present- 
ing to the Peyer's patch and then start the 
production of slgA. In the previous study, 
administration of L. plantarum DSM 9843 and 
L reuteri R2LC also nonspecifically enhanced the 
mucosal nutritional status, 1 5,1 6 which could be of 
great benefit to GALT function and antibody 
production. 

This study also showed that the reduction of 
intestinal slgA levels was accompanied by a de- 
crease of CD4/CD8 populations in all enterocolitis 
groups, except the ED group, CD4/CD8 T cell 
numbers are important immunological markers, as 
recently shown in HIV/ AIDS patients and patients 
on chemotherapy to evaluate their immunological 
functions. 6 ' 14 * 24 These T lymphocytes are also in- 
volved in regulation of slgA synthesis in mucosa 
lamina propria? 1 which may imply that MTX 
interfered with the host immunology by (at least 
one of the mechanisms) impairing the slgA syn- 
thesis regulators, CD4/CD8 T-cell, . consequently 
influencing slgA production. 

In summary, MTX administration resulted in a 
marked depletion in intestinal slgA and gut lamina 
propria T-helper and T-suppressor cells. Admin- 
istration of L reuteri R2LC or L. plantarum DSM 
9843 to enterocolitis rats improved mucosal im- 
munity, whereas pectin or oat fibre alone did not 
have such effects. This indicated that the enhance- 

Lactobacilli, may be one or the processes uirougu 
which lactobacilli protect the host from bacterial 
translocation and endotoxaemia in this severe 
enterocolitis model. 
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Optimal Effect of Lactobacillus delbruecki subsp. 
bulgaricus, Among Other Lactobacilli Species, on the 
Number of IgA and Mast Cells Associated with the 
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in previous papers we demonstrated the influence of the oral administration of different lactic 
acid bacteria on the systemic immune response and the protective effect against an infection 
with Candida albicans in a corticoid imnutnosuppressed experimental model in mice. The 
gastrointestinal and respiratory tracts are the most common sites of entry of the infectious 
agents at the mucosal surfaces. The IgA secreting cells and mastocytes play an important role 
in host defence against pathogens. The aim of this study was to determine whether or not 
some lactobacilli strains have influence on the number of IgA and mast cells associated with 
the gut and bronchus mucosa, in mice imnutnosuppressed by corticoid therapy. Croups of 
animals were immunosuppressed by corticoid oral administration (50 nig kg~ r ). They were 
split into four experimental groups: immunosuppressed control mice and the immunosup- 
pressed test groups, which were given L. casei, L. delbruecki subsp. bulguricus or L. 
acidophilus at a concentration of I X i() tJ cells/duy/mouse. on days H and 9 post-corticoid. We 
demonstrated that the laciohacilli strains assayed were able to increase the number of IgA 
secreting cells and mast cells associated with both gut and bronchus mucosa, the effect he)m> 
more remarkable for L. delbruecki subsp. bulguricus. The enhancement of the IgA secreting 
cells and mast cells, in an immunosuppressed host induced by laciohacilli administration 
specially by L. delbriiecki subsp. bulgarieus, suggest the potential of its use as adjuvant 
therapy to protect mucosal surfaces. 

Keywords: Utctobacilti. IgA secreting cells, mast cells, gut, bronchus, immunosuppression 
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INTRODUCTION 

The glucocorticoids exert important effects on the inflammatory immune responses They 
affect the growth, differentiation and function of monocytes and lymphocytes (Boumpas et 
al., 1991), the distribution of cellular subsets, and the production of cytokines (Joyce*/ al 
1997; Baus etai, 1996). At the cellular level, glucocorticoids inhibit the access of leukocytes 
to inflammatory sites: interfere with the functions of leukocytes, endothelial cells and 
fibroblasts; and suppress the production of humoral factors involved in the inflammatorv 
response (Boumpas et al, 1993). y 

Corticoids are used to suppress pathological immune responses associated with 
autoimmunity, inhibit rejection of allogenic tissues and to diminish inflammation associated 
with a wide variety of hypersensitivity disorders (Miller, 1992). 

The benefits of glucocorticoid therapy can easily be offset by severe adverse side-effects- 
even with the greatest care, side-effects may occur such us increases of the host susceptibility 
to peptic ulcer, osteoporosis, avascular necrosis and atherosclerosis (Tallar- Williams & 
Sneller, 1994). 

It has been demonstrated that lactic acid bacteria (LAB) have an immunopotentiating 
capacity (Gorbach, 1990; Jasui & Ohwaki, 1991; Perdigon & Alvarez, 1992; Perdigdn et al 
1993). Lactobacilli and Streptococcus have been suggested as potential vaccine vectorsj 
(Iwaki etal., 1990) that afford great safety, low cost and the possibility of oral administration 
However these immunostimulating properties cannot be generalised for the different genera 
and m some cases these characteristics are restricted to certain strains. Thus, although the use 
of LAB as prophylactic or therapeutic agents is an interesting field of research, their use as 
immunopotentiators in immunosuppression processes is still limited 

In previous work, we demonstrated that the oral administration of different species of LAB 
reverted the adverse effects of glucocorticoid therapy, potentiating specific and unspecific 
systemic Im mune response (Petrino et al, 1995; Petrino et al., 1996). As well they induced 
an enhancement of IgA secreting-cells in gut associated lymphoid tissue (GALT), improving 
the disorders in the flora caused by antibiotic therapy. (Petrino et al 1997) 

We also demonstrated that the mucosal immune response induced by some orally 
administrated LAB was dose dependent. At the mucosal level, the main immune mechanism 
developed is oral tolerance (Weiner, 1997). 

We studied the influence of some lactobacilli species, orally administrated, on the IgA 
secretmg cells and mast cells associated with small intestine and bronchus tissues in a mouse 
corticoid immunosuppression experimental model. 

MATERIALS AND METHODS 
Animals 

BALB/c mice each weighing 25-30 g, were obtained from a random-bred closed colonv 
kept m our Microbiology Department. Each experimental group consisted of ?0- 30 mic/ 
For each assay and days post-treatment 4-5 mice were used. 

Immunosuppression Model 



phosphate, Sidus-Merck & Co. Inc.). It was tested at t^Z^i 50 11 
The optimum dose was SOmgkg-' in a volume of 0.1 ml Sne) with whfc^the 
immunosuppression was maintained after the 17th day post-cortiS adminlsJnuUm 

Microorganism 

The bacterial strains used were: L. easel CRL 41 1 / • u 

and L. aMopMlus CRL 924 from CBR^ SJ&SSSS ^S*" 
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Lactobacilli were cultured in MRS broth (OXOID) per 8h at 37°C. 1 X JO 9 cells/day/ 
mouse were suspended in 5 ml of sterile non-fat milk (NFM 10%) and were administered at 
20% v/v in the drinking water during two consecutive days, the eighth and ninth after 
corticoid administration. The control group received sterile milk in the drinking water under 
the same conditions as the test groups. 



Preparation of Histological Slices 

Mice were sacrificed and their small intestine and lower airways removed from both test and 
control group on the 3rd, 7th, 10th, 14th and 17th days post-corticoid. The samples were 
washed with saline solution and fixed in ice cold alcohol 96° at 2-4°C for 24 h. Then, they 
were dehydrated and embedded in paraffin using routine methods. Serial paraffin sections 
(4 fim) of the small intestine and lung of each mouse were obtained. 



Histochemical Staining 

Some of slices were stained with H&E and observed with a light microscope to determine 
any possible morphology alteration in the bronchus and gut. 

In order to study the mast cells associated with gut lymphoid tissue and associated with 
bronchial tissue, the histological samples were stained with Alcian blue-Safranine O at pH 
1 (Tas, 1977). In the gut, mast cells were counted in 30 fields. The results were expressed as 
number of cells/field. The cells associated with bronchial tissue were observed with a video 
microscope (OLYMPUS). This allowed the mast cells to be counted in the peribronchial area 
(three slices per mice). The results were expressed as number of cells/mm 2 . 



Immunofluorescence Assay 

In order to count IgA producing-cells present in the bronchus and gut, direct immuno- 
fluorescence assays on histological sections were performed. The slices were immersed in 
three consecutive baths of xylol for 5 min each to remove paraffin. Then they were hydrated 
with three consecutive baths of alcohol 100° and 96° and PBS, respectively. Afterwards, the 
samples were incubated with a-chain monospecific anti-mouse antibody (Sigma, USA) for 
30 min at room temperature. They were then rinsed with PBS and the number of fluorescent 
cells was counted on 30 fields (X 40 magnification) with a fluorescent microscope (Leitz). 
The results were expressed as number of cells/field. 



Statistical Analyses 

The results were expressed as the mean of n independent experiments ± standard error of the 
mean (SEM). The Student /-test was used to calculate the statistical significance of the 
results. 



RESULTS 

Histological Studies on Slices Stained with H&E 

H&E staining was done to study possible morphology alterations of the tissues in the 
immunosuppressed mice. The samples did not reveal steroid-induced structural abnor- 
malities, but a decrease in the immune cells of intestine and bronchi were observed. When 
the different species of lactobacilli were administered, we saw an enhancement of the 
immune cells in both tissues. The effect was more evident for L, delbriiecki subsp. 
bulfiaricus. Figure 1(c) shows the improvement in the immune cell population of bronchus 
alter L hulgaricus administration. 
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(a) 



(b) 



(C) 




FIG 



1. Light micrograph of the bronchus associated lymphoid tissue from mir*- /.^ , i 

(b) immuno.uppies.ed control; and (c) immunosuppres^d a ? t e. ^wo o^y wit " 
Paraffin sections were stained with H&E. Magnification X 40. 
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Effect of Treatment with Different LAB on Mast Cell Population in 
Imraunosuppressed Mice 

We determined that the corticoid therapy produced a great reduction in the number of mast 
cells associated with gut lamina propria and bronchus. When the lactobacilli were 
administered, we observed in intestine that L. bulgaricus induced a significant increase 
(p< 0.01) of these cells beyond the control values while, L. casei and L. acidophilus did not 
exert a significant effect (Figure 3(a)). When we analysed these cells associated with 
bronchus tissue, we saw that again L bulgaricus produced an enhancement at 1 0 and 1 4 days 
being at 10 days twice the control values (34.27 ±5.78 cells/mm 2 vs normal values- 
18.60 ±6.84 cells/mm 2 ) (p<0.01) Then they returned to the normal range on the 17th day 
post-corticoid. L casei and L. acidophilus produced a gradual increase in the number of mast 
cells, reaching normal values on day 17 (Figure 3(b)). 



DISCUSSION 

Glucocorticoids, even when they are used for the treatment of various inflammatory and 
autoimmune diseases, can induce adverse effects, especially when high doses for prolonged 
periods of time are administered. (Spahn& Kamada, 1995). One of the most important adverse 
side effects of corticoid therapy is the increased susceptibility of the host to infections with 
opportunistic pathogens (Douglas-Briggs, 1991; Rasmussen & Arvin, 1982). 

The most common sites of entry of the infectious agents are the mucosal surfaces, and the 
mammalian gastrointestinal and respiratory tracts are more vulnerable to infections by 
microorganisms. It is well known that mucosal surfaces have developed a variety of 
protective mechanisms, immunological and non-immunological, to protect against patho- 
gens. Secretory immunity is the basis of specific protection at the mucosal level through IgA 
production (Mestecky & McGhee, 1992). The immune cells associated with mucosa have 
been termed MALT (mucosa-associated lymphoid tissues). The IgA-secreting cells play an 
important role in the immunological local defence against pathogens and damage resulting 
from absorption of foreign antigens. - <=• t, 

When the mucosal immune response is stimulated, a migration of B- and T-lymphoeytes 
.s induced (Brandtzaeg et aL, 1991) with neutrophil recruitment, macrophage and mast cell 
activation providing communication between the inductor sites of Peyer's patch in the gut 
with distant mucosal sites through an intermucosal circuit known as the common mucosal 
immune system (McDermott & Bienenstock, 1979). Based on this concept of a common 
mucosal immune system after antigenic stimulation of the intestinal mucosa, specific IgA 
& e Tomasi Ce i98 S 3)° mCreaSed at distant mucosal sites such ™ the bronchus (Woloschak 

We demonstrated the influence of different lactobacilli, orally administered, in increasing 
the IgA secreting-cells and mast cells associated with the gut and bronchus, in a corticoid 
immunosuppressed host. 1 u 

When we analysed the number of IgA-secreting cells, we saw that L. delbriieckv subsp 
bulgancus ws more effective than L. case, and L. acidophilus in enhancing the number of 

ttZ ^ weTe'aMe'to'revert 8 ^ ^ ^ 2{&) «* (b »" A11 the 

^Z^^^ ^ ; ™--PP-sion state caused by the corticoid. 

ooserved previously, where some orally administrated lactobacilli species restored the 
number of IgA secreting cells in the small intestine after immunodefScy c sed bv 

z pi s£X n : De r ethasone does not s — ^ 

emphasising the importance of stimulating ^^J££%^ Path ° Bef1S ' 
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Mast cells are well known as effector cells not only in allergies but also in diverse acute 
and chronic inflammatory diseases (Huntley, 1992). In the present study we also investigated 
the influence of different lactobacilli on these cell populations. These cells were studied 
considering their important role in bacteria clearance in the lung (Abraham & Malaviya 
1996) and because it has also been reported that mast cells are implicated as modulators of 
the increased mucosal permeability elicited by nitric oxide synthase (NOS) inhibition 
(Komatsu et ai, 1997). 

Other protective roles of mast cells such as in acute bacterial peritonitis have also been 
^P°I ted (HUltner et aL, 1996). These cells are good producers of tumour necrosis factor 
(TNF-a) in intestinal tissue (Bischoff et ai, 1999) and they are able to secrete IL-5 at 
mucosal surfaces which can favour Bl -cell differentiation to B-cell expressing IsA on its 
surface (Berland & Words, 1998). 

Glucocorticoids exert profound and diverse effects on the growth, cytokine expression and 
granule differentiation of mouse mast cells (Eklund et ai, 1997), thus the increase in this 
population by lactobacilli administration would be important to improve the mucosal 
immunity by the cytokine that these cells can release. 

We demonstrated that the effect of L. casei and L. acidophilus on the mast cells was more 
marked in the bronchus, while L bulgaricus was active in both tissues. 

The results obtained from L. casei and L. acidophilus on the intestine may be useful in 
reverting steroid induced immunosuppression preventing undesirable side-effects of such 
drugs at the intestinal level, as was shown by the counting of IgA-secreting cells unci mast 
cells without an exacerbation of inflammatory response. 

The fact that L. bulgaricus gave a significant increase in mast cells associated with the gut 
and with bronchi-associated tissue, could mean that these microorganisms could favour 
protection against bacterial respiratory infection. The increase observed in the IgA-secretine 
cells at the bronchus level by the lactobacilli assayed could mean that these LAB induced an 
increase in the number of IgA cells able to enter the IgA cycle, repopulating distant mucosal 
sites. 
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Abstract 

Different Lactobacillus strains are frequently used in consumer food products. In addition, recombinant lactobacilli which 
contain novel expression vectors can now be used in immunotherapy applications such as oral vaccnat.on strategies and m 
^ceH tolerance induction approaches for autoimmune disease. Both for food and clinical applications of lactobac.H, proper 

*'£?tU7u^ Laclotacillus stra.ns were analysed with respect to mucosa, induction of pro- and 

induced relatively high levels of IgG2a compared to L. murine*,* profiles and possess differentia. 

These find.ngs tmply that different Lactobacillus stra.ns mduce d.sl.nct mucosa Iqjw P « P nfluencc kine 
intrinsic adjuvanticity. This suggests that rationa.^c/.W/^ stra.n se U*Uon prov.d ^ strategy 
expression and thereby influence immune responses. © 2000 Elsev.er Sc.ence Ltd. All nghts reserved. 
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1. Introduction 

The capability of the mucosal immune system lo act 
in both an immunogenic as well as in a tolerogenic 



Abbreviations: CGG: chicken gamma globulin; HRP: horseradish 
peroxidase; Mab: monoclonal antibody; TNP; triniirophenyl; CFU. 
colony forming units. 
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manner protects our body against inrcctton as well as 
inadvertent inflammation The specific funct.ons of 
mucosa-lined organs, e.g. the exchange of gasscs (lung) 
and uptake of nutrients (gut), are cssent.al and there- 
fore the occurrence or destructive mflammatory 
immune responses at those sites is undes.rablc. There- 
fore, normally T cell tolerance is induced aga.nst 
ingested food antigens. Nevertheless, the mucosal 
immune system is responsible for over 50% of the 
daily production of immunoglobulins [I], reflecting 
continuous protective immune reactions. However, ex- 
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perimental induction of immune responses has proven 
difficult, as the precise nature of the parameters which 
determine the induction of such responses at the 
mucosa are poorly denned 12]. It is likely that local 
cytokine profiles may favour either Th I type immuno- 
genic responses orTh2 type tolerogenic responses [3]. 

Vaccination against infectious diseases versus per- 
ipheral T cell tolerance induction in autoimmune 
therapy upon oral antigen administration is thought to 
be at least partly dependent on particulate versus sol- 
uble nature of the antigen, respectively 14]. It has pre- 
viously been shown that lactobacilli with surface- 
linked haptens can induce an antibody response when 
administered orally [5]. For oral vaccine applications 
recombinant lactobacilli have now been constructed 
which express heterologous protein on the surface of 
the bacteria, which serve as a particulate antigen for 
induction of immune responses and B cell memory [6] 
Orally fed soluble autoantigens can induce peripheral 
T cell tolerance and thereby prevent the induction of 
EAE (experimental autoimmune encephalomyelitis), an 
animal model for multiple sclerosis [7,8]. In order to 
induce peripheral T cell tolerance with the use or 
genetically engineered lactobacilli, recombinant lacto- 
bacilli have been designed to produce and locally se- 
crete soluble autoantigens in medium or in vivo [6]. 

Lactobacilli are frequently used in dairy products 
because of their health promoting effects such as the 
nonspecific enhancement of the immune response 
(adjuvanticity), control of intestinal infections, control 
of serum cholesterol levels and anti-carcinogenic ac- 
tivity [9]. Oral administration of these diverse species 
of gram-positive lactic acid bacteria with the generally 
regarded as safe (GRAS) status is economical and 
simple [10]. Since the bacterial properties required for 
the different applications are clearly distinct, strain 
selection is very important for wild .type as well as 
recombinant lactobacilli. Therefore, in this study two 
properties of Lactobacillus strains were investigated in 
order to more rationally select appropriate Lactobacil- 
lus strains for use in oral vaccination and oral toler- 
ance induction. First, the capability of Lactobacillus 
strains to induce specific cytokines at the mucosa by 
oral administration was determined in BALB/c mice, 
which are Th2-cell biased [11,12]. Mice were immu- 
hised i;p. with Chikungunya virus and fed eight differ- 
ent Lactobacillus strains for 4 days. Actual in vivo 
cytokine production was demonstrated immunohisto- 
chemically in gut tissue sections. That oral adminis- 
tration of an antigen can indeed lead to increased 
cytokine production in the gut has previously been 
shown with the model antigen ovalbumin (OVA) in an 
OVA T cell receptor transgenic mouse [3]. Here we 
Show that oral lactobacilli can influence local cytokiue 
production after parenteral immunisation with a 
pathogen (Chikungunya virus) in BALB/c mice. Sec- 



ond, in order to assess whether orally administered 
Lactobacillus strains were able to nonspecifically 
enhance the humoral response (adjuvanticity) and 
whether adjuvanticity correlated with the induced cyto- 
kine profiles, systemic antibody responses of mice 
immunised intraperitoneal^ with trinitrophenyl conju- 
gated to chicken gamma globulin (TNP-CGG) were 
analysed. 



2. Materials and methods 

2.1. Bacteria 

Eight Lactobacillus strains were used in this study. 
Lactobacillus reuteri ML1, L. brevis ML 1 2, L. gasseri 
ML21 and L. murines CNRZ were originally isolated 
from mouse. Strain L. casei ATCC 393 was isolated 
from cheese and strain L. plantarum ATCC 14917 was 
isolated from sauerkraut [10]. The strains L. /omentum 
104R and L. plantarum NCIB 8826 were isolated from 
pig and human saliva, respectively (10]. 

2.2. Animals and antigens 

Female BALB/c mice were purchased from Charles 
River Laboratories (Sulzfeld, Germany). These mice 
were kept under filtertop hoods. The mice were 6-10 
weeks old at the start of the experiments. Experiments 
were performed according to regulations of the Dutch 
law on animal experimentation. BALB/c nuce are Th2- 
biased, favouring antibody responses [11,12]. 

Trinitrophenyl (TNP) was conjugated to chicken 
gamma globulin (CGG) (Sigma Chemical, La Jolla, 
CA) according to the method described by Claassen 
and Van Rooijen [13]. TNP-CGG was used as a sol- 
uble protein antigen, because the dose used without 
adjuvant will give a suboptimal immune response. Chi- 
kungunya virus was cultured and inactivated by UV 
according to the method described by Nakao and 
Hotta (14]. This pathogen was used s.nce it is an 
ARBO (arthropod borne, insect vector) virus causing 
disease in man and animal, which is being widely used 
as a model for other ARBO viruses [1 5]. 

For the detection of cytokines the following anti- 
bodies were used. Mouse antibodies against human 
IL-la and IL-ip were obtained from the Institute 
Ricerche immunobiologiche Siena, Italy. 1 he 1L-2 
specific rat MAb, S4B6, was a kind gift of Dr. T Mos- 
mann, Department of Medical Microbiology and Im- 
munology, University of Alberta, Canada [16] The rat 
MAb IIB11, directed to IL-4, was a kind gift of Dr 
WE. Paul, Laboratory of Immunology, National 
institute of Allergy and Infectious Diseases, NIH, 
Bethesda, MD [17]. SXC-l-biotin, a rat MAb aga.nst 
IL-10, was obtained form Pharm.ngen (San Diego, 
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CA). The murine Mab DB-i directed to IFN-7 and 
rabbit serum against TNF-a were both obtained from 
Dr. PH. van der Meide from the Biomedical Primate 
Research Centre (BPRC), Rijswijk, Netherlands. AU 
antibodies were crossreactive with their murine 
counterparts, but not with each other. Goat anti 
mouse-IgA-HRP (horseradish peroxidase) was 
obtained from KPL (Gaithersburg, MD). Streptavi- 
din-HRP was obtained from Life Technologies 
(Gaithersburg, MD) and Swine anti Rabbil-lg-HRP 
from Dako A/S (Clostrup, Denmark). 

23. Oral administration of Lactobacillus strains 

All strains were cultured in MRS broth (Difco, 
Detroit, MI) at 37°C until the OD 690 was 1.1 (end log 
phase). The cells were harvested by centrifugation at 
4000g for 20 min at 4 W C, washed twice with PBS and 
once with 0.2 M NaHC0 3 . Before use, the cells were 
resuspended in 0.2 M NaHC0 3 buffer (pH 8.4) to 
compensate for the acidic gastric environment. Each 
mouse received approximately 10 10 CFU lacto bacilli 
via the oral route. Administration was performed 
intragastrically. 

2.4. Adjuvant activity of orally administered 
Lactobacillus strains 

Eight different Lactobacillus strains were orally 
administered to groups of three mice for 4 consecutive 
days. On the first day the mice were also immunised 
intraperitoneal^ (i.p.) with 25 ug TNP-CGG in PBS. 
Oral administration of lactobacilli was repeated on 
days 21, 22, 23 and 24. The booster immunisation with 
TNP-CGG was performed on day 21. Serum was col- 
lected on day 7 and 14 after prime and booster immu- 
nisations. Specific antibodies against CGG and TNP 
were detected by ELISA. 

2.5. ELISA 

Polyvinyl chloride (PVC) microtiter plates (Titertek, 
Flow Laboratories, Irvine, UK) were coated with 
CGG (5 ug/ml, 50 pl/well) or TNP-BSA (5 *ig/ml, 50 
Ml/well) overnight at 4°C. To block nonspecific anti- 
body binding the plates were incubated for 1 h with 
0.2% gelatine in PBS (50 pt/well) at room temperature. 
Subsequently, the plates were incubated for 1 h at 
25°C with dilutions of TNP-CGG induced anti-sera 
and preimmune sera to correct for background reactiv- 
ity. After washing, the plates were incubated with 
either alkaline phosphatase-labelled goat-anti mouse 
IgG or anti-lgM (H + L) (KPL). For the detection of 
CGG specific lgGl or IgG2a antibodies, rabbit anti- 
mouse IgGl or rabbit anti-mouse IgG2a antibodies 
(1CN Immunobiologicals > Costa Mesa, CA) were used, 



respectively, followed by 1 h incubation with alkaline 
phosphatase-labelled swine anti-rabbit Ig antibodies 
(Dako A/S). After addition of the substrate paranitro- 
phenyl phosphate, the absorbance was measured at 
405 nm. An IgGl monoclonal antibody directed 
against CGG was used as reference for detection of 
IgGl CGG specific antibodies on each ELISA-plate. A 
polyclonal mouse serum containing high levels of 
lgG2a antibodies specific for CGG was used as refer- 
ence in the ELISA's to detect IgG2a specific antibodies 
against CGG. Sera of mice immunised with TNP- 
CGG in specol (water-in-oil adjuvant) served as refer- 
ence serum for relative concentrations of IgG-spccific 
antibodies against TNP and CGG. 

Relative concentrations of IgGl, IgG2a and total 
JgG were calculated after subtraction of the absor- 
bance of preimmune sera at the corresponding di- 
lutions. The linear part of the reference curve was used 
to perform linear regression. Only those measurements 
of the test sera falling within the same absorbance 
range as reference samples used for regression (with 
comparable slope), were used for the calculation of the 
relative concentrations of IgGl, IgG2a and IgG in 
arbitrary units (a.u.). 

2.6. Immunohistochemical detection of cytokine- 
producing cells in gut villi induced by lactobacilli 

Eight different Lactobacillus strains were orally 
administered to groups of three mice on day 0, 2, 4 
and 6, in order to obtain a high continuous level of 
administered lactobacilli in the gastrointestinal tract 
during the experiment. On day 0 the mice were also 
immunised i.p. with 25 ug UV-inactivated Chikungu- 
nya virus in PBS. One day after the last feeding the 
mice were euthanised. The first 10 cm of the small in- 
testine containing the most Peyer' s patches were taken 
out and rinsed in PBS. Swiss rolls were made by roll- 
ing up the small intestine around a match stick, 
whereby the terminal end is on the centre of the role 
and the "stomach" end is on: the outside. Sub- 
sequently, these Swiss roles were frozen in liquid mtro- 
£en. 

Mouse cytokines were detected as described before 
[18], Briefly, frozen sections (-2G°C) of 8 urn were 
thaw-mounted on silane coated glass slides and kept 
overnight under high humidity at^ RT. The next day, 
slides were air-dried for 1 h and fixed at room tem- 
perature in acetone containing 0.02% H 2 0 2 . After a.r- 
drying for at least 10 min, sections were incubated 
with pre-determined optimal dilutions of primary re- 
agents overnight at 4°C, in humidified atmosphere. Pri- 
mary reagents were diluted in PBS containing 0.1 /« 
BSA Incubations with secondary reagents diluted in 
PBS containing 1% BSA were done during I h at 
room temperature under high humidity. Between the 
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incubation steps slides were washed with PBS. Biotiny- 
lated antibodies followed by streptavidin- HRP were 
used for detection of IL-lo, IL-1P. 1L-2, 1L-4, IL-10 
and 1FN-7. TNF-oc was detected with swine anti-rab- 
bit-Ig-HRP conjugate. IgA -containing plasmacells 
were directly delected with goat anti-mouse-IgA-HRP. 
Incubalion with A EC (3-amino-9-ethylcarbazolc) sub- 
strate for 10 min was used to reveal HRP activity 
(bright red precipitate) [19J. After washing, slides were 
counterstained with hematoxylin and embedded with 
glycerol/gchuin. Primary antibody/reagent omission 
control stainings were performed for the different re- 
agents used. 

Quantitation was performed by counting cytokine 
positive cells by light microscopy. Comparable areas of 
gut villi were scored for positive cells by two indepen- 
dent observers blinded to treatment. The average num- 
ber of positive cells per five villi per mouse was 
determined. Significance of differences between all 
groups were determined by a single factor ANOVA. 
Only the significant differences of the Lactobacillus fed 
groups as compared to the NaHCOj fed group i.p. 
immunised with virus are indicated. 

2.7. Statistical analysis 

A single factor ANOVA was used to analyse the 
data. Since per group all mice were kept in one cage, it 
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is allowed to use the t-test to calculate the least signifi- 
cant differences. When p < 0.05, the difference was 
interpreted as significant. This approach was used to 
compare the total IgG antibody responses, the IgG]/ 
IgG2a ratios and the number of cytokine positive cells. 



3. Results 

3.1. Adjuvant activity of orally administered 
Lactobacillus strains 

In order to examine whether there is a difference 
between distinct Lactobacillus strains in their ability to 
influence the humoral immune response when adminis- 
tered orally to BALB/c mice, which are Th2-cell biased 
[11,12], eight different strains were tested. Seven days 
after booster immunisation TNP and CGG specific 
IgG litres were determined in sera of mice treated 
according to the immunisation protocol. No differ- 
ences could be detected between the levels of IgM anti- 
bodies against CGG and TNP 7 days after prime and 
booster immunisation. Differences in specific IgG litre 
were interpreted as adjuvant effects of Lactobacillus 
strains (Fig. 1). Although most of the tested strains 
did not show any effect as compared to the control 
group immunised with TNP-CGG which received 
NaHCO? orally, L. reuteri significantly enhanced the 
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Fig \ Adjuvant activity of orally administered iMCiohactllus strains. The effect of orally administered Lactobacillus strains on the antibod) C- 
sponsc against the thymus-dependent antigen TNP-CGG administered intraperitoneal^ was analysed by ELISA. The mice received a L <' ao »° 
/,« strain or NhHCO, only orally on 4 consecutive days. On the lust day the mice were also immunised i.p. with TNP-CGG in FB*. ioi y 
21 on this protocol was repeated. The left panel shows the mean IgG antibody response ± S.E.M. against TNP per group in arbitrary uni 
days aficr the second immunisation. The right panel shows: the IgG antibody response ± S.E.M. against the carrier protein CGG ■ , 
differences compared to the NaHCOj group arc indicated by asterisk. No antibody responses were detected in mice orally fed NiHWj 
immunised with PBS (data not shown). > < 005. "/> < 0.01, plant.: plan ta rum. 
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specific CGG antibody response (p < 0.01). L. reuteri 
appeared to be significantly different from all groups, 
except from L. brevis (significance not indicated in 
Fig. 1 B). When the same sera were tested for the pre- 
sence of TNP specific antibodies, again L. reuteri (p < 
0.01), but also L. brevis (y; < 0.01) and L. fermentum 
(p < 0.05) showed significant enhancement of the 
hurnorat response as compared to the TNP-CGG 
immunised group of mice which orally received 
NaHC0 3 only (Fig. 1A). This indicates that some 
orally administered Lactobacillus strains can, but 
others not, nonspecifically enhance the humoral re- 
sponse against a parenterally immunised antigen (adju- 
vanticity). 

3.2. IgGJ/IgG2a ratio after oral administration of 
Lactobacillus strains 

It was demonstrated that the quantity of the anti- 
body response evoked against the parenterally immu- 
nised antigen CGG-TNP could be enhanced by some 
of the orally administered Lactobacillus strains. Since 
it is generally accepted that the JgGI response reflects 
activity of Th2 CD4 + T cells and IgG2a is a reflection 
of Thl-activity (see Ref. [20,21] and references therein), 
the difference in the quality of the immune response 
was determined by analysing those antibody isotypes. 
The lgGl and lgG2a responses against CGG were 
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Fig. 2. lgG1/lgG2a ratio of anti-CGG response after oral adminis- 
tration of Lactobacillus strains. The effect of four ornlly administered 
Lactobacillus strains on the IgGl/lgG2a ratio of the response against 
CGG wns analysed by ELISA. The mice received a Lactobacillus 
strain or NaHCOj only orally on 4 consecutive days. On the first 
day the mice were also immunised i.p. with TNP-CGG in PBS. A 
control group was fed NaHCOj and immunised i.p. with TNP-CGG 
in specol (NaHCQji/adjuvani). From day 21 on, this protocol was 
repeated. Seven days after the second immunisation the lgGl and 
lgG2a responses against CGG were calculated in arbitrary units with 
the use of reference curves. The mean IgGI/IgG2a ratio per group± 
S.E.M. is shown. *p < 0.05 compared to the groups fed L. planiarum 
NOB, L, reuteri and the group immunised with TNP-CGG in adju- 
vant. 



detected after oral administration of 4 Lactobacillus 
strains. The antibody responses were expressed as 
IgGt/IgG2a ratios (Fig. 2). Only the antibody re- 
sponse against CGG was detected since the lgG2a re- 
sponses against TNP were in most cases too low to be 
calculated. Oral administration of L. reuteri and L. 
planiarum NCIB induced relatively high lgG2a levels 
against CGG when compared to the control group 
which was fed buffer only, although the differences did 
not reach significance. The reduced IgGl/IgG2a ratio 
was significant compared to oral administration of L. 
murines, which slightly increased the IgGl/lgG2a 
ratio. The lgGI/lgG2a ratio induced by L. murines 
was also significantly higher than after parenteral im- 
munisation of CGG-TNP in specol, a water-in-oil 
adjuvant. The ratio detected after oral administration 
of L. casei was comparable to the ratio of the control 
group fed buffer and the group fed L. murines. 

3.3. Immunohistochemicql detection of IgA and 
cytokines in gut villi 

To investigate whether orally administered Lactoba- 
cillus strains are: able to induce cytokines and IgA at 
the mucosa, BALB/c rhice were immunised i.p. with 
Chikungunya virus and; fed wild type lactobacilli for 4 
days. Seven days after administration of the inacti- 
vated pathogen the animals were sacrificed and frozen 
gut tissue sections were analysed for IgA and cytokine 
production. In Fig. 3A;the production of IgA in this 
primary immune response is shown in a complete 
cross-section of the duodenum including a Peyer's 
patch (lower right comer). In all animals we could find 
massive amounts of IgA in the B (plasma) cells located 
centrally in the villi (Fig. 3B). Hardly any antibody- 
producing B cells were seen in the Peyer's patches. As 
Fig. 3B shows, the lamina propria lymphocytes were 
the ones exclusively involved in antibody production. 
No ,IgA-containing cells were seen in the outer rim of 
the villi. Fig. 3Bi also gives a clear visual indication ot 
the maximum number ;of cells per villus (8-10) that 
can be observed for both IgA production as well as 
for cytokine production by T cells (9-12, see also 

Fl The E backgrouhd number of positive cells was differ- 
ent for all cytokines, asishown in a quantitative way in 
Fig 4 Fig. 3C demonstrates that for IL-2 no cyto- 
kine-producing cells are found when the animals are 
given NaHCOj Orally and PBS intraperitoneal^ (no 
virus) It should be noted that sections on the same 
glass slide included- positive tissue controls [22] for 1L- 
2 Brown (not red) rims circumfering the villi iwcre 
found in all samples stained for IL-2 with A EC (for 
revelation of horseradish peroxidase activity), even in 
the absence of IL-2 positive cells, representing nonspe- 
cific, staining; 
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• After intraperitoneal immunisation with Chikungu- 
nya virus, but without oral prcireatmcnt with laeioba- 
cilli> IL-2 positive cells could be demonstrated in the 
lamina propria of llic villi i identical to the localisation 
-.pattern of IgA) as indicated by arrows (Tig. 3D). As is 
clear from Pig. .U) Uk: cells were not alw;tys homoge- 
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Fig. 4. Quantitative analysis of background cytokine-producing celts 
in gul villi. A quantitation on the immunohistochemically stained 
sections from mice immunised with Chikungunya virus and fed 
different Lactobacillus species was performed. Animals in the control 
groups were fed NaHCOj only and were immunised with TNP- 
CGG (NaHC0 3 group) or PBS (no antigen). Sections of the duode- 
num were stained for the cytokines IL-lct, IFN-Y and IL-10. The 
mean number of positive cells per five villi per group ± S.E.M. is 
shown. 
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Fig I Quantitative analysis of cytokine- producing cells in gut villi 
induced by lactobacilli. A quantitation on the immune hislochcmi- 
cally stained sections from mice immunised with Chikungunya virus 
and fed different Lactobacillus species was performed. Animals i in the 
control groups vycrc fed NaHCO, only and were .mmuntscd with 
TW-tGG (NaHC0 3 group) or PBS (no antigen). Sections of the 
Imodium were stained for the cytokines IL-I& TNF-« : and 
The njean number of positive celts per five v,lh per group ± 
showri. Only significant differences compared to the NaHCO, fed 
grouplarc indicated by asterisk. > < 0.05, p < 0.01. 
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found for TNF-a in L. reuteri treated animals as 
shown in Fig. 3E. . 

In the submucosa, where Brunners glands are 
located, TNF-a was also found in the endothelial cells 
after oral administration of L. reuteri (Fig. 3F) This 
localisation pattern was not observed for any of the 
other cytokines studied. 

3 A. Quantitative analysis oj cytpkine-producing cells in 
gut villi induced by lactohacilli 

In order to investigate whether Lactobacillus strains 
are able to differentially induce cytokines at the gut 
mucosa after oral administration in Chikungunya- 
immuniscd mice, the frequency of cytokine-producing 
cells was determined. The levels of lgG and IgM anti- 
bodies against Chikungunya virus in sera obtained at 
sacrifice, were too low to be correlated to the found 
cytokine profiles. The cytokines IL-la, IL-ip, IL-2, 
IL-4 IL-10, 1FN-Y and TNF-a were immunohisto- 
chemically analysed by counting the number of cyto- 
kine-producing cells in gut villi. The background level 
of positive cells differed for each cytokine. Of the cyto- 
kines tested, only IL-4 was hardly detectable in al 
treatment groups, despite the fact that positive control 
tissue (TNP-ficoll reactive spleen) contained numerous 
IL-4-producing cells (22,23]. The rest of the tested 
cytokines can be roughly divided into two groups. 
Some cytokines are not induced by oral administration 
of any of the tested Lactobacillus strains when com- 
pared to the control group which was immunised i.p. 
with virus and orally received NaHCO* only (group 
NaHC0 3 ) (Fig. 4). Other cytokines are induced by one 
or more' Lactobacillus strains (Fig. 5). Cytokines that 
were not induced are IL-la, IL-4, IFN-7 and IL-10. A 
low level of IFN-7 and IL-la positive cells could be 
detected in alt mice, but there was no significant differ- 
ence with the NaHC0 3 fed group (Fig. 4). For IL-10 
we observed that i.p. immunisation with virus only 
(group NaHCO>). increased the frequency of 1L-10- 
producing cells above background (no virus), although 
this difference did not reach significance (Fig. 4). No 
further enhancement by oral administration of lactoba- 
cilli was observed. Only L. casei tended to further 
increase lL-10-producing cells as compared to the 
virus immunised group which received NaHC0 3 orally 
(group NaHCO.-O, but - this increase was not signifi- 
cantly different either. The group of cytokines that can 
be induced by oral administration of wild type Lacto- 
bacillus strains consists of IL-ip, IL-2 and TNF-a 
(Fig. 5). An enhancement of TNF-a levels in the gut 
villi could bc : detectcd after oral administration of all 
of the tested Lactobacillus strains, except for L. fer- 
men turn, when compared to the group fed NaHC0 3 
only (group NaHC0 3 ) (Fig. 5). L. reuteri and L. brevis 
both showed an approximately 1 5- fold increase in the 



number of TNF-a positive cells. Like TNF-a, IL-2 is 
already induced in the gut by parenteral immunisation 
with Chikungunya virus alone (compare group 4 no 
virus' with group k NaHC0 3 ') (see Fig. 3D), but is sig- 
nificantly further increased by oral administration of 
L. reuteri and L. brevis (Fig. 5). L. reuteri is also able 
to induce 1L-Ip (Fig. 5). Clearly, there are Lactobacil- 
lus strains which are able to induce an inflammatory 
cytokine profile (L. reuteri, L. brevis). 



4. Discussion 

This study shows that orally administered wild type 
Lactobacillus strains can induce differential cytokine 
profiles in the gut of Th2-biased BALB/c mice. The 
Lactobacillus strains L, reuteri and L. brevis induce 
several of the proinflammatory and/or Thl cytokines 
IL-ip, IL-2 and TNF-a but not anti-inflammatory Th2 
cytokines such as IL-10 and IL-4 (Fig. 4). These same 
Lactobacillus strains were able to significantly enhance 
the systemic antibody response against a parenteral^ 
immunised antigen. In the current dogma, Thl cells 
stimulate IgG2a antibodies production regulated by 
IFN-y, whereas IgGl antibodies are induced under 
control of the Th2 cytokine IL-4. Analysis of the anti- 
body isotypes induced after oral administration of L. 
reuteri revealed that high IgGl as well as high IgG2a 
levels could be detected; However, after oral adminis- 
tration of L. reuteri the IgGl/IgG2a ratio of anti- 
bodies directed against CGG were (significantly) lower 
than the IgGl/IgG2a ratios after oral administration 
of buffer or nonadjuving Lactobacillus strains. These 
results indicate that L. reuteri and probably also L 
brevis are inducers of the cellular as well as humoral 
responses. Most of the tested Lactobacillus strains did 
not affect the systemic humoral immune response and 
showed antibody levels similar to the control group 
that orally received NaHC0 3 only. A possible expla- 
nation is that these strains act as natural gut commen- 
sals of the BALB/c mice and do not disturb the 
existing immune status. This is in accordance with the 
observation that lactobacilli are not or hardly immu- 
nogenic [24]. Possibly, the Lactobacillus strains that 
induce IL-2 and high levels of IL-lp and TNF-a and 
enhance the humoral immune response do evoke an 
immune response against themselves, leading to loca 
inflammation. It should also be kept in mind that 
mucosal cytokine induction may not be directly hnKeo. 
to systemic antibody secretion. That there can be a re- 
lation between mucosal cytokine production and sys- 
temic antibody responses has been demonstrated by 
e.g. Martnaro et al. and Shi et al. [25,261. 

Most cytokines are differentially regulated, whicn 
may result for instance in the presence of the IBi. 
cytokine IL-2 without the presence of IFN-y, whicn 
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is also a Thl cytokine [27]. In addition, due to 
different kinetics of expression of the cytokines, 
analysis at an other timepoint may show induction 
of other cytokines, such as IFN-y. Also IL-la and 
1L-Ip appear to be under separate transcriptional 
control, which may lead to expression of one form 
of 1L-1 without the other fonn [28]. 

Most Lactobacillus strains induce TNF-a, 
although there is a strain-dependent difference in 
the number of TNF-a-containing cells which is 
induced. This has also been seen after parenteral 
injection of cell wall components of L. casei, where 
I. casei components led to coronary arthritis due 
to activation of macrophages, which produced 
mainly 1L-1 and TNF-a [29-31]. In vitro, an 
increased production of 1L.1 and TNF-a or IFN-y 
by macrophages exposed to various strains of Lac- 
tobacillus could be demonstrated, as well as 
enhanced phagocytos.s [32-34]. From these studies, 
it seems that components in the cell wall of lacto- 
bacilli are responsible for this activation. That this 
is not necessary due to the peptidoglycan, a major 
cell wall component of gram-positive bacteria, was 
demonstrated by de Ambrosini et al. [35] who 
showed that after oral administration of peptidogly- 
can of four different gram-positive bacteria only the 
L casei cell wall preparation could activate macro- 
phages. Although no double staining was performed 
to determine which cells produce the detected cyto- 
kine due to results obtained in other studies it is 
likely to assume that the induced TNF-a and IL-ip 
are produced by macrophages. Whether also lL-10 
was produced by macrophages can not be exc uded. 
TNF-a-containing cells were located in the villi like 
all other cytokine-producing cells. In addition to the 
TNF-a positive cells in the villi, TNF-a was also 
found to be produced by cells in the submucosa 
after oral administration of L. reuteri, but not alter 
administration of other Lactobacillus strains. Also in 
humans with appendicitis, TNF-a can be found in 
the submucosa [36]. 

Although inflammatory/Thl cytokine inducing Lac- 
tobacillus strains and non-cytokine inducing strains 
were identified, our panel did not contain a Th2 . cyto- 
kine-inducing strain, despite the fact that a Th2-biased 
mouse strain was used. Only L. casei tended to induce 
1L-10 and TGF-fi. Although TGF-p was clearly found 
lo be high for L. casei and L. murines, the TGF-p data 
in general were not always clear to interpret and are 
therefore not shown. IL-10 and TGFp have immuno- 
suppressive effects on Thl cells and are thought to be 
involved in oral tolerance [37]. An 1L-10/TGF-P cyto- 
kine profile in the lamina propria can be found in 
ovalbumin (OVA) T cell receptor transgenic mice after 
oral administration of OVA, leading to T cell tolerance 
towards OVA [3]. From our panel of Laclobactllus 



strains, no Lactobacillus strain emerged, inducing a 
local cytokine environment permissive for oral toler- 
ance induction. 

As mentioned above, orally administered lactobacilli 
can activate macrophages. The known tumour-sup- 
pressive activity of lactobacilli is thought to be due to 
the cytotoxic action of TNF-a and 1L-I produced by 
macrophages [38-43]. It seems that most of the tested 
Lactobacillus strains do have this anti-tumour prop- 
erty, but not all. Also, many orally administered Lac- 
tobacillus strains, like L. casei, L. reuteri, L. bulgaricus 
and L. acidophilus seem able to protect against infec- 
tions [44-49]. Intrinsic properties of different Lactoba- 
cillus strains can play a role in the effectiveness of the 
treatment. Therefore, the choice of the Lactobacillus 
strain is of major importance. Properties that can play 
a role are the capability to induce cytokines in the gut 
and stimulate antibody responses (adjuvanticity), but 
also adhesion and colonisation properties of the 
strains. Even the growth phase of the strain can be of 
importance, since we have shown that log phase versus 
stationary phase cultures differentially influence the 
|gGl/lgG2a ratio of systemic antibody responses 
against protein antigen-dependent on the growth phase 
[24]. 

Lactobacilli can also be used for oral vaccination 
and immunotherapeutic purposes in autoimmune dis- 
eases. Therefore, recombinant lactobacilli were devel- 
oped which express bacterial or viral antigens on the 
cell surface [6]. these immunogenic particles can be 
used as oral vaccines. In contrast, the soluble autoanti- 
een secreted by other recombinant lactobacilli prob- 
ably will induce peripheral T cell tolerance and protect 
against experimental autoimmune diseases such as ex- 
perimental autoimmune encephalomyelitis (EAb), an 
animal model for multiple sclerosis [6]. For oral toler- 
ance induction with a recombinant Lactobacillus stra.n 
secreting autoantigens. a wild type strain without adju- 
vanticity but able to induce Th2 cytokines might be 
optimal. Such a strain did not emerge from the current 
analysed panel. On the other hand, the Lactob actllus 
strains L. reuteri and L. brevis arc good candidates for 
the expression of immunogenic antigens for oral vacci- 
nation purposes since they may stimulate innate, cellu- 
lar and humoral immune responses. 
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